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IMAGINATION IN SPACE 


Since Creation, man has looked out on space. At first, unknowing and 
incurious; then with the beginnings of understanding; now free and able! 
explore. Yet to move in space calls for wholly new concepts of energy. 

This, then, is the working philosophy of Hercules in chemical propulsi 
To design and manufacture highly concentrated packages of energy as 
propellants and rocket motors; each compatible, controllable, predictable: 
and each perfected for its specific mission. 

HERCULES’ BACKGROUND: A half-century of creative imagination in the 
evolution of propellants, from shotgun powder to the manufacture of the propellan 
for all the U.S. rockets fired during World War II, and now to space propulsion. 
Hercules facilities today encompass research, design, engineering, and staff 
organization for the production of the most advanced propellants. Mlustrated broth 
avatlable on request. 
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900 Market Street, Wilmington 99, Delaware 
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The basic principle of the helicopler PO 
was first advanced in 1863 by Gabriel 
De La Landelle of France. Rising steam 
was expected to turn the air screws and 
lift the craft upward. For this illustration, 
: Brussel-Smith has followed earlier 
renderings of the Steam Airliner’? to 
create this intricate wood engraving. 
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BEFORE FASTENING Apres, 


Safe, sure sealing is vital in today’s high performance aircraft, missiles and ground support equipment — 
and there is a better way to seal them . . . GASK-O-SEALS. 
The Gask-O-Seals shown here are static seals that can actually provide sealing that will exceed hermetic 
specifications. Yet, they are mechanical, can be removed if necessary, and reused. Controlled confinement of the 
rubber makes them superior to other seals. 


The “typical” applications shown are just a few of the ways Gask-O-Seals are being used. Practical, truly 


economical, no leakage sealing. If you want to seal for sure, find out about Gask-O-Seals. 


Just drop us a line or use the reader service card. 
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Bulova advances high acuity 


<a, 


In both opto-mechanics and electronics, Bulova is enhancing the state of the art. 
Bulova designs are improving acuity. Bulova electronics are simplifying readout 
devices. Bulova advanced precision production and assembly techniques are 
assuring more accurate instruments capable of withstanding higher adverse envi- 
ronmental conditions. 


This proven capability—from conception to manufacture— stands ready to support 
your efforts. 


Experience in precision design and manufacture is the Bulova tradition —the 
Bulova capability—it has been for over 80 years. For more information write— 


Industrial & Defense Sales, 62-10 Woodside Avenue, Woodside 77, N.Y. 
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Astro notes 


RUSSIAN MOON SHOTS 


4 


@ Second scene, the same as the 
first. October 4: The Russians 
Jaunched Lunik III, a 958-Ib instru- 
mented probe, on a trajectory that 
passed within a reported distance 
4375 miles of the moon and looped 
around it on the start of a giant arc 
back to earth. The moon-skirting 
probe, reaching a maximum dis- 
tance from the earth of approxi- 
mately 292,000 miles on Oct. 10, 
returned to the vicinity of the earth 
Oct. 18 and went into an orbit that 
will bring it around the earth twice 
a month. Before, an official report 
from Moscow stated that contact 
with the probe Oct. 6 confirmed 
that instruments, thermal-regula- 
tion, transmission, and power-sup- 
ply systems were operating nor- 
mally. Scientists at Jodrell Bank, 
which tracked Lunik III, reported 
erratic radio signals as the probe be- 
gan its swing behind the moon. 


¢ Mid speculation that Lunik IIT 
missed an exact rendezvous by a 
little less than 3 hr, a conclusion of- 
fered by C. A. Whitney of the 
Smithsonian Astrophysical Observa- 
tory, the Russians announced that 
they would soon release photos of 
the moon’s far side taken by the 
probe. 


Meanwhile, Lunik Il, launched 
Sept. 14, gave evidence that the 
moon lacks a magnetic field. This 
finding lends support to the theory 
that the earth’s magnetic field arises 
from convection currents in_ its 
highly pressurized molten core. It 
also suggests that the moon_ is 
largely silicate rock surrounding a 
now-cooled metal nucleus. Besides 
this detection, Lunik IL collected 
and measured particles and ionized 
gases along its trajectory, measured 
radiation intensity, both within and 
outside the Great Radiation Belts, 
and took counts of micrometeorites. 


® Concerning the data taken by 
Lunik II, Y. K. Federov, corres- 
ponding member of the U.S.S.R. 
Academy of Sciences, at a press 
conference in Moscow on Sept. 15, 
said that Soviet scientists are pre- 
pared to submit all information ob- 
tained during the probe’s flight to 
scientists of other countries. The 
Russians have been noncommittal 
about data from Lunik TIT. 


Lunik II appears to have fol- 
lowed very closely its expected tra- 
jectory. Ina Moscow release dated 
Sept. 15, L. I. Sedov, recently 
elected president of the IAF, stated 
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that radio data positioned the im- 
pact of Lunik II in the region of 
the Sea of Brightness, within 200- 
300 km of the expected impact 
point. If not a fluke, this perform- 
ance was impressive. 


e “There can be little doubt at this 
point that Soviet space exploration 
is advancing rapidly according to a 
logical well-ordered plan.” 
Thus began F. J. Krieger of the 
Rand Corp. in his article, “The So- 
viet Astronautical Program,” in the 
July 1959 Astronautics. The pros- 
pects for that program loom large 
indeed after the recent Luniks. 
The projects outlined by Dr. 
Krieger were iterated by V. V. Do- 
bronravov, a frequent Russian com- 
mentator on Soviet space work, 
shortly after the launching of Lunik 
Il—more satellites, a series of moon 
probes leading to a manned land- 
ing, and probes to Mars and Venus 
as soon as radio communication 
equipment has been perfected. 


REACTIONS TO LUNIKS 


The two spectacular Russian 
moon shots raised a chorus of 
grumbling over the pace of the 
U.S. space program along with 
gloomy appraisals that the U.S. is 
now further behind the Russians 
than it was two years ago when 
Sputnik I captured the world’s 
imagination. Since it is just such 
an atmosphere that produces hasty 
decisions and ill-advised programs, 
it is important to determine exactly 
what the Russians have accom- 
plished and what the U.S. can rea- 
sonably do to buttress its own space 
prestige. 


¢ To indulge in speculation for a 
moment, suppose the Russians had 
deliberately aimed Lunik II at the 
dead center of the moon. If it ac- 
tually impacted at a point only 
about 270 miles from the center, 
this would amount to an error of 
0.07 deg, or 4 min of arc. Trans- 
lating this into ICBM terms for a 
range of 6000 miles, this would 
amount to a combined error of ap- 
proximately 7.3 miles. This would 
represent a respectable ICBM per- 
formance, quite close to the desired 
ICBM mean circular error of 5 nau- 
tical miles. 


@ The Lunik III circumlunar shot 
of early October represented a 
sterner test of a guidance system, 
according to studies by the Rand 
Corp., because very small velocity 
errors can be magnified enormously 


over the long flight-time of such q 
vehicle. Based on the initial Rys. 
sian calculation that the vehicle 
would approach to within 120) 
miles of earth upon its return trip, 
and the later modification of this 
prediction to about 24,000 miles, it 
appears that the vehicle did suffer 
from a substantial velocity error, 
According to rough estimates, a cir. 
cumlunar shot of the type carried 
out by the Russians could absorb q 
velocity error of 20 fps, or some- 
thing slightly more, and an angular 
error of about 0.5 deg. 


Thus, the performance of the 
Soviet moon shots are not unusually 
significant from a military  stand- 
point, beyond proving once again 
that the Russians have a very large 
and reliable rocket at their disposal. 
The trouble is, they are using it in 
a methodical program which jis 
racking up one dazzling space ti- 
umph after another. Not only is 
this a bitter pill to the U.S., accus- 
tomed to technological superiority 
in all things, but there is a genuine 
fear in Washington that Soviet 
space triumphs will help the Rus- 
sians accomplish Cold War objec- 
tives without Cold War methods. 


e As a result, there are many who 
would like to see new life pumped 
into the American program—more 
money for bigger projects, a single 
space “czar” to coordinate all the 
programs, and perhaps a_ special 
“Prestige Division” to handle spec- 
tacular space projects. NASA Di- 
rector T. Keith Glennan is opposed 
to such measures, arguing that 
NASA is keenly sensitive to the 
prestige implications of spaceflight 
and that the only way the U.S. can 
capture the space lead from the 
Russians is through a systematic de- 
velopment program leading to the 
vehicles and systems needed. 


© Probably few would argue that 
payload weight per se is the cr- 
terion of excellence in space activity. 
As Herbert York, DOD Director of 
Research and Engineering, has ob- 
served, the Russians will be able to 
send twice as much payload on any 
given mission as the U.S., at least 
until the million-pound-thrust en- 
gine becomes available several 
years from now. He argues that 
the important thing is what you ac- 
complish in space within your 
weight allowance. 


¢ The question, then, is when can 
the U.S. expect to have a_ booster 


Here are the ‘‘basic ingredients” in 
some of today’s most advanced design 
concepts . . . Norton Ceramic Ma- 
terials. Exceptionally versatile, these 
exciting materials are meeting operat- 
ing requirements of products and proc- 
esses across industry. 

Norton Ceramic Materials offer de- 
sign engineers a wide range of out- 
standing physical, chemical, thermal, 
and electrical properties. What’s more, 
they provide interesting combinations 
of these properties. For example: 
CRYSTOLON* silicon carbide provides 
high thermal conductivity as well as 
exceptional thermal strength; ALUN- 
DUM* aluminum oxide has excellent 
chemical stability in addition to good 
abrasion resistance; MAGNORITE* mag- 
nesium oxide offers high purity, ther- 
mal and electrical resistance; fused 


Dynamic Ideas in Engineering... 


thrive on Norton ceramic materials 


zirconium oxide is today’s highest 
melting point material available in 
tonnage quantities and it’s immune to 
both reducing and oxidizing atmos- 

7 pheres. And each product has many 
other invaluable properties. 

Think of Norton Ceramic Composi- 
tions as essential components in 
equipment for metal and chemical proc- 
essing, electrical, electronic, ceramic 
and nuclear applications . . . as ‘‘the 
answer” to literally hundreds of design 
problems. They’re manufactured to 


meet highly exacting standards of 
purity, density, shape, size and wear 
resistance . . . available in granular 
‘ and in fabricated form to meet your 
requirements efficiently and economi- 


cally. For complete details, write for 
“Norton REFRACTORY GRAIN”. NORTON 
ComPANY, Refractories Division, 968 
New Bond Street, Worcester 6, Mass. 
*Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries 


WNORTONF 


REFRACTORIES 
Engineered... R ... Prescribed 


Making better products...to make your products better 
NORTON PRODUCTS Abrasives * Grinding Wheels + Grinding Machines » Refractories + Electrochemicals — BEHR-MANNING DIVISION Coated Abrasives * Sharpening Stones + Pressure-Sensitive Tapes 
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available for lunar shots of the type 
carried out by the Russians? Not 
until late 1960 will we have the 
Atlas-Vega combination, which 
will be able to match current Rus- 
sian payload weights (5000 Ib in 
orbit, 1300 Ib for a space probe or 
circumlunar flight, and 980 Ib for 
a moon orbiter). About a year 
after that will come the Atlas-Cen- 
taur, with about a 40 per cent 
greater capability because of its 
high-energy second stage. Few 
Americans want to wait this long, 
however, and there is an earlier ve- 
hicle: The Atlas-Able. By a cruel 
blow of fate, the first of these sys- 
tems exploded during a Cape Ca- 
naveral static-firing in preparation 
for a moon-orbiting attempt, but 
the fact remains that the vehicle 
is available for such projects. 


® For example, in October 1960, 
Mars will be in a favorable position 
for an interplanetary-probe shot. 
A U.S. Mars probe at that time 
might go far toward restoring this 
country’s space prestige. 


® Meanwhile, rumors continue that 


NASA will attempt a moon orbiter 


and a deep-space probe toward 
Venus late this month with the 
Atlas-Able booster system. 


SPACE REORGANIZATION 


e As announced by Secy. of De- 
fense Neil McElroy, the Advanced 
Research Projects Agency will grad- 
ually withdraw from most of its 
space activities, shifting them to 
the individual military services. 
The key shift is the planned assign- 
ment to the Air Force of responsi- 
bility for the development, produc- 
tion, and launching of all space 
boosters for DOD. Development 
responsibility for payloads will be 
assigned separately, with the fol- 
lowing assignments already made: 
Midas infrared early-warning satel- 
lite and Samos (Sentry) reconnais- 
sance satellite, AF; Transit navi- 
gation satellite, Navy; and the early 
stages of the Notus communication 
satellite program, including — the 
Courier, Army. 


e The shakeup removed the Army 
from the spaceflight picture. This 
was acknowledged by Army Secre- 
tary Wilber Brucker, who expressed 
the hope that Wernher von Braun 
and the rest of his team at ABMA 
would be maintained intact. 
Though ABMA’s disposition was 
still in doubt early last month, a 
White House decision appeared 
imminent. Most. likely was_ its 
transfer to NASA, a move proposed 
and rejected last vear. 
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¢ Also in doubt was the future of 
the Saturn program, which is to 
provide the clustered million- 
pound-thrust rocket booster. Few 
believed that the AF would assert 
a requirement for the engine, al- 
though a later phase of Notus (Task 
Decree) envisages its use to place 
large communication satellites in 
“stationary” orbits at 22,300-miles 
altitude. Saturn’s fate appeared 
equally uncertain if it were trans- 
ferred along with ABMA to NASA. 
Top officials of the civilian space 
agency are not kindly disposed to 
Saturn because they believe it du- 
plicates their own Nova, the single- 
chamber engine which North Amer- 
ican is developing. 


e Air Force’s Air Research and De- 
velopment Command also an- 
nounced an extensive in-house re- 
organization designed to regroup its 
centers and subcommands along 
more functional lines. A new 
Wright Air Development Div. will 
be established, to include the Di- 
rectorate of Systems Management 
and major elements of the Wright 
Air Development Center. It will 
be responsible for all aeronautical 
systems. The Cambridge Research 
Center will form the nucleus of 
another new division to assume di- 
rection of all research on USAF 
communication and electronic-con- 
trol systems. A third AF research 
division to be established in Wash- 
ington to direct all basic research 
work will include the Office of Sci- 
entific Research and other elements 
of ARDC. The Ballistic Missile 
Div. remains unaffected as the 
fourth ARDC division. 


SATELLITES 


© Important new data on the struc- 
ture and composition of the Great 
Radiation Belts have been obtained 
by the Explorer VI “Paddlewheel” 
satellite. Radiation experiments 
aboard the far-ranging satellite 
have confirmed James Van Allen’s 
picture of two separate belts as far 
as low-energy particles are con- 
cerned, At higher energy levels, 
however, there would appear to be 
only a single belt of particles, with 
peak intensity at 1240-miles alti- 
tude and gradually falling off to the 
cosmic-ray background level. 


@ John Simpson of the Univ. of 
Chicago reported the discovery of a 
thin belt of energetic protons with 
a peak intensity of 1400 counts per 
square centimeter per second at 
1240 miles. This band is located 
on the inner face of the lower of 
the two Van Allen radiation belts, 
which extends from 1400- to 3400- 


miles altitude at the geomagnetic 
equator. (Simpson’s multidetector 
“telescope” secured its readings 
about 20 deg from the geomagnetic 
equator. ) 


¢ With an energy level in excess of 
75-million ev, the protons of the 
“Simpson Belt” represent the most 
penetrating of all the particles 
trapped in the earth’s geomagnetic 
field. Although difficult to shield 
against, the number of energetic 
particles is sufficiently small to limit 
the radiation exposure level to only 
a few roentgens per hour. The 
more serious radiation threat still 
stems from the vast flux of low- 
energy electrons in the outer Van 
Allen belt, but these can be readily 
shielded—perhaps by the structure 
of the space capsule itself. 


@ John R. Winckler of the Univ. of 
Minnesota reported that the shield- 
ing on his instruments (equivalent 
to 0.5 grams of lead per square 
centimeter, or about 0.25 in. of 
water) cut the radiation dose from 
these particles to a level of 7 r/hr 
in times of low solar activity and to 
30 r/hr at times of high activity. 
These particles have a flux of about 
100,000,000 per square centimeter, 
in contrast with the much lower flux 
of Simpson’s protons. 


e Dr. Winckler also confirmed the 
Van Allen report that the radiation 
level in the outer belt fluctuates 
within wide extremes. When the 
Paddlewheel was launched in early 
August, the radiation intensity in 
the outer belt was 5000 times less 
than that found by Pioneer IV last 
March and 10 times less than that 
detected by Pioneer III last De- 
cember. By the end of August, 
following a solar storm about the 
middle of the month, the outer belt 
filled up again to the level detected 
by Pioneer III, thus showing its 
dependence upon soft electrons 
from the sun. 


e There are indications that Ex- 
plorer VI safely traversed the Per- 
seid meteor stream on Aug. 7 and 
8, since it registered micrometeorite 
hits at twice the usual rate during 
these days, with a rate of onset and 
decline conforming closely with the 
Perseid shower. A total of 56 hits 
by particles larger than about 15 
microns were recorded between 
Aug. 7 and Sept. 1 by the satellites 
microphone detector, plus two hits 
by particles considered to be larger 
than 4.4 microns. 


© Despite several malfunctions, the 
Paddlewheel is regarded as “highly 
successful” from a_ technological 
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parts since 1951 when the first Snark booster cases 
nearly half the Nike Hercules boosters and sustas 
with Ingersoll Kalamazoo Division productia 
RESEARCH AND DEVELOPMENT ang Brication are going 
on at the Ingersoll Kalamazoo Divj (wang such new methods as 
hydrospinning and concussign, or ¥ ve, forming, which provide 
today’s solutions to pro parts prod@im@on. 


High strength cases such as the 
16” dia. x 48” long x .050” wall , ? 
thickness have been fabricated and line basis of 
consistently burst at strength levels " mi ile lamazoo Divi ion 
from 280,000 psi to 325,000 psi la ge ss 
dependent upon the draw tempera- = ; involvin ing, hydrospinning, 
ture used. These strength levels . 
are attainable by either the roll 
and weld or seamless (spun) method 
of fabricating the tube section. 


of engineers is ble at the Ingersoll Kalamazoo 
Division who are experienced in the DESIGN, FABRICATION AND 
ASSEMBLY of major missile hardware parts. These engineers are 
ready to tackle your problems. 


Borg-Warner Corporation 


Hurdle the critical notch sensi- 
tivity problem by having Ingersoll 
fabricate your high strength cases. 
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standpoint. Malfunctions include 
the loss of one paddle and its solar 
cells, which reduced its power gen- 
eration to about 65 per cent of the 
expected 26 watts during its first 
month in orbit, and the failure of 
one of the two low-powered trans- 
mitters broadcasting on 108.6 me. 
The latter occurred about 35 days 
after launching, and meant the loss 
of the radiation experiments con- 
ducted by STL as well as the “trip- 
let” count of the Univ. of Chicago 
experiment. 


© Theoretically, the lost informa- 
tion could be secured through the 
digitalized 378-mc transmitter, but 
the latter has been limited to a 
broadcast time of 25 min per day 
by the power shortage. (Four 
hours per day was the goal.) The 
power output of the remaining 
three cells is expected to improve 
after Jan. 1, perhaps to as much as 
85 per cent of the amount expected, 
when the paddles assume a more 
favorable aspect with the sun. 
NASA engineers also believe that 
interrogation time on the large (5- 
watt) transmitter can be boosted 
to as much as 1.5 hr per day by 
turning off the remaining 108-mc 
analog transmitter during periods 
when its information cannot be re- 
corded by ground stations. 


¢ Although temporarily balked in 
deep-space ventures, the U.S. will 
mount a concerted and constantly 
expanding attack near-space 
with satellites during the coming 
year. These will include several of 
NASA’s newly announced gyro-sta- 
bilized solar platforms, which will 
carry a spectrometer for sun studies 
and perhaps provisions for picking 
up radio emissions from the sun; 
two satellites for ionosphere study; 
and several more paddlewheel ve- 
hicles. Homer J. Stewart discusses 
NASA plans on page 24; George 
Sutton covers DOD projects on 
page 26. 


@ Lockheed Missile and Space Div. 
has selected the Space Communica- 
tions Div. of Radiation Inc. as a 
major contractor for the develop- 
ment of the Lockheed master satel- 
lite control center at Mountain 
View, Calif. This center will moni- 
tor and evaluate data from a world- 
wide tracking network. It will in- 
clude a hot-line communication sys- 
tem to tracking sites, launching sta- 
tions, BMD, the air-rescue service, 
and other government and military 
groups. 


@ NASA announced that the first of 
an undisclosed number of addi- 
tional satellite-tracking (Minitrack) 
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stations will be established in Min- 
nesota, near East Grand Forks. 


Explorer VII, the 91'/,-lb satel- 
lite prepared and launched by 
ABMA for NASA on Oct. 13 with a 
Juno II four-stage rocket assembly, 
carried experiments on earth radia- 
tion balance, Lyman-Alpha and 
soft X-ray radiation, heavy primary 
cosmic rays, micrometeorite  dis- 
tribution, solar-cell, functioning, 
and satellite-temperature history. 
The satellite went into an orbit with 
an initial apogee of 680 miles and 
perigee of 346 miles, quite near the 
scheduled one. 


MAN IN SPACE 


The Soviet magazine Ogonek re- 
cently revealed for the first time the 
existence of a cadre of Russian as- 
tronauts and means being taken to 
train them. Ogonek showed pic- 
tures of spacesuit-clad pilots under- 
going conditions of explosive de- 
compression and centrifuge g-con- 
ditioning. According to a London 
Daily Herald report from Moscow, 
some 20 Russian astronauts have 
been in training for spaceflight for 
more than two years. The Herald 
also reported that Soviet scientists 
believe they can now send a 
manned rocket to an altitude of 
200 miles and bring the pilot back 
alive, and gave next spring as a 
probable time for the first Russian 
manned spaceflight. 


SPACE RESEARCH 


The Navy announced the suc- 
cessful completion of two solar re- 
search projects: Edward P. Ney’s 
expedition to Africa to obtain data 
on the Oct. 2 eclipse of the sun, 
and Herbert Friedman’s Sunflare II 
project to measure the sun’s output 
of X-rays during intense solar flares. 
Dr. Ney’s group conducted a series 
of unprecedented measurements 
with coronal polarimeters to deter- 
mine the polarization of the corona. 
Dr. Friedman and Dr. Talbot A. 
Chubb detected X-rays with ener- 
gies as high as 80,000 ev, indicat- 
ing temperatures as high as 100 
million C in the solar atmosphere. 
They performed their measure- 
ments with 12 Nike-Asp rockets 
launched from Point Arguello, 
Calif. Eight of the vehicles were 
entirely successful, carrying 55-Ib 
payloads to altitudes of 130—150 
miles and telemetering up to 8 
minutes of data on the best flights. 


e Aerojet-General Corp. reported 
receipt of a USAF contract to build 
four Astrobee-500 rockets. These 
are three-stage fin-stabilized vehi- 


cles designed to carry a 70-lb pay- 
load to 450 miles. First of the 25-ft 
rockets will be launched at Eglin 
AFB this year. Aerojet has also 
said it is working on a sounding 
rocket called the Astrobee-1000, 
but gave no details. 


ARPA has authorized construc- 
tion of a huge radar installation in 
Puerto Rico for use in the Defender 
program. With a diameter of 1000 
ft, the instrument is the largest 
known to be under construction in 
the West. Cornell Univ. will de- 
sign and build the unit for ARPA, 
which will use it to study ballistic 
missiles during midcourse. It will 
also be able to measure electron 
densities to a distance of one earth 
radii, as well as detect auroral ioni- 
zation and streams of particles in 
space. One of its most exciting 
possibilities lies in the field of radio- 
astronomy—obtaining radar echoes 
from Mars and Venus and mapping 
the moon and sun. Its tropical lo- 
cation will facilitate such studies, 
for all the planets of the Solar Sys- 
tem lie close to the earth’s equato- 
rial plane. 


e NASA is negotiating a contract 
with Lockheed Aircraft Corp. for a 
three-year feasibility study of nu- 
clear-rocket systems with NASA’s 
60-megawatt research reactor at 
Plum Brook, Ohio. A principal ob- 
jective will be the investigation of 
the behavior of nuclear-rocket ma- 
terials at cryogenic temperatures 
while undergoing neutron bombard- 
ment. 


e “The necessary instruments for 
thorough exploration of space are 
not on the drawing boards at the 
present time,” according to Thomas 
Gold, chairman of the Dept. of As- 
tronomy at Cornell Univ., citing 
what he considers a lack that can 
be remedied in the U.S. space pro- 
gram. 


e The Univ. of Michigan has dedi- 
cated the first steerable radio tele- 
scope designed especially for solar 
research. A  70-ton instrument 
built with ONR support, it can re- 
solve in finer detail than the Jodrell 
Bank telescope solar short-wave- 
length radio emissions. 


The moon  seismograph being 
studied by Columbia Univ. and 
CIT under the sponsorship of 
NASA is expected to weigh about 
20 Ib. 


e NASA plans to launch an atomic 
clock into a heliocentric orbit are 
expected to show results early next 
vear. (CONTINUED ON PAGE 12) 


Avco’s magnetic spaceflight— 
When man first travels beyond the moon, the thrust may well be supplied by a new 
system of propulsion, based on principles of magnetohydrodynamics (MHD). This sys- 
tem uses a magnetic field to speed and expel ionized gas for power output. Magnetic 
thrust propulsion is a current project of the Avco-Everett Research Laboratory ...work- 


ing to extend the knowledge of man. me 


AVCO MAKES THINGS BETTER FOR AMERICA / AVCO CORPORATION / 750 THIRD AVENUE, NEW YORK 17, N.Y. 
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The Marquardt Hyperjet combines both rocket and 
ramjet in a single, integrated engine system — produc- 
ing maximum performance from both. It is an engine 
with controlled rocket thrust for static launch, boost, 
operation in space and re-entry. It is an engine utilizing 
the ramjet’s superior specific impulse for acceleration 
and hypersonic cruise within the earth’s atmosphere. 


From earth to orbit, the Marquardt Hyperjet delivers 
twice the average specific impulse of today’s best 
rockets, permitting heavier payloads at minimum cost. 
‘et this same, single propulsion system outperforms 
any other for hypersonic flight within the atmosphere 
— shrinks both size and weight of the vehicle required 
to deliver any given payload. 


This, then, is the Marquardt Hyperjet:a new propulsion 
system with applications to small and large vehicles — 
manned and unmanned — ground- and air-launched — 
for operation in and/or out of the earth’s atmosphere. 


If you have an applicable mission — and the need to 
know — you are invited to contact: Paul J. Papanek, 
Director of Marketing, Power Systems Group, 16555 
Saticoy Street, Van Nuys, California. 


OPERATIONS AT: VAN NUYS & POMONA, CALIFORNIA — OGDEN, UTAH 
SUBSIDIARY: COOPER DEVELOPMENT CORPORATION, MONROVIA, CALIF. 
CORPORATE OFFICES: VAN NUYS, CALIFORNIA 


Engineers and Scientists capable of contributing 
advances in state-of-the-art are invited to write: 
Manager of Personnel Development, Power Sys- 
tems Group, 16555 Saticoy St., Van Nuys, Calif. 
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Imagine missions at speeds beyond those of any turbojet — 


involving smaller and lighter vehicles, longer ranges and 


heavier payloads than those possible with today’s rocket 


engines. These are missions for the Marquardt Hyperjet. 


The Marquardt Hyperjet combines both rocket and 
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MISSILES 

® The Bold Orion test missile, fired 
from a B-47 at the Explorer VII 
satellite as it hit perigee over the At- 
lantic Missile Range Oct. 13, was 
reported to have passed within 4 
miles of the satellite. The success 
of this experiment appears to give 
the AF and the Martin Co. a strong 
argument for an air-launched anti- 
satellite missile. 


© The over-all U.S. ballistic missile 
program now provides for almost 
500 ICBM or ICBM-equivalent 
weapons by the end of 1963. A 
breakdown discloses 12 Atlas 
squadrons (120 weapons), 11 Titan 
squadrons (110), five Thor and 
Jupiter squadrons (50 missiles) sta- 
tioned in Britain and Italy, two 
squadrons of Minuteman (100), 
and a Polaris submarine capability 
of about 100 missiles on station. 
Common to all the weapons will be 
the capability of reaching targets in 
Russia. 


e Also, although only _ partially 
funded, the total AF program now 
provides for a total of 804 Minute- 
man weapons, including 54 on rail- 
way cars and the balance in hard- 
ened underground silos. 


® The AF chose Beale AFB, Calif., 
as its fifth operational site for the 
Titan ICBM. It said the installa- 
tion will cost $42 million and takes 
22 months to build. The previously 
announced facilities at Ellsworth 
will cost approximately $47 million, 
and 20 months to complete. 


¢ Aerojet has received a $56,000 
Army contract to study the feasibil- 
ity of individual rocket lift devices 
for combat troops. It provides for 
a system analysis to the company’s 
own design, the AeroPak, with con- 
sideration of the rockets’ size, 
weight, location, number of nozzles, 
flight duration, maximum velocity, 
effects of wind gusts, loss of stabil- 
ity, and rocket malfunction. 


® Goodyear Aircraft Corp. an- 
nounced the development of a new 
all-weather guidance system for air- 
craft and missiles. Called Pinpoint, 
it is an outgrowth of Goodyear’s 
Atran map-matching guidance sys- 
tem devised for one version of the 
Martin Mace. It is coupled with 
inertial elements for dead reckoning 
during long flights over water when 
the map-matching system has no 
landmarks to work on. Similar to 
the “AtraNertial” system proposed 
for the defunct Regulus II, the 
guidance system, Goodyear re- 
ported, is being evaluated “for a 
number of weapons systems.” 
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e As expected, burgetary pressures 
forced AF cancellation of the Mach 
3 F-108 interceptor. The action 
forced North American Aviation, to 
drop 2000 workers, half in Los 
Angeles and the other half in Co- 
lumbus, Ohio. The company said 
its fiscal 1960 sales will be reduced 
by 14 per cent, to an estimated 
level of $1.2 billion. North Amer- 
ican said the action will not affect 
the B-70 bomber program. Latter 
is deemed solid for the time being, 
although some Washington observ- 
ers believe it will eventually meet 
the same fate as the F-108 if North 
American’s Hound Dog. air-to-sur- 
face missile is successful. This 350- 
mile weapon may become opera- 
tional next year. 


e In the third successive failure in 
the Polaris flight-test program, the 
missile’s second stage burned for 
only 8 sec and caused a short flight. 
Only 6 of 19 flights thus far qualify 
as successes. 


® The Navy’s plans for Polaris 
otherwise moved smoothly ahead 
with the launching of the second 
nuclear-powered_ Polaris launching 
sub, the USS Patrick Henry, and 
the announcement that it is build- 
ing at Cutler, Me., the world’s most 
powerful radio transmitter, which 
will be used to communicate with 
submerged Polaris subs. Through 
its huge antenna system, the facility 
will transmit with at least a million 
watts of power in the very low 
frequency band, from 3 to 30 ke, 
waves of which penetrate water to 
a certain depth. 


¢ The AF announced that it was 
shifting Project Pluto to complete 
development status as Project Slam 
—a low-level, world-girdling, nu- 
clear - ramjet - powered missile. 
Chance Vought has been studying 
the supersonic missile system for the 
AF. The Pluto propulsion system 
study has been a combined project 
of the AEC’s Lawrence Radiation 
Lab at Livermore, the Atomics In- 
ternational Div. of North American, 
and Marquardt. 


¢ The recent explosion of a mixing 
plant at Hercules Powder report- 
edly wiped out 40 per cent of the 
propellant-production capacity for 
Minuteman. 


Perkin-Elmer’s West German 
subsidiary, Bodenseewerk, will have 
full responsibility for the NATO 
Sidewinder production program in 
Europe, and will handle directly 
about a third of the production of 
guidance systems and assembly and 
test of missiles under a $30 million 
contract. 


e A second free-flight test of Nike- 
Zeus at White Sands in October 
gave the Army encouraging results, 
the first and second stages of the de- 
velopmental anti-ICBM performing 
acceptably. A reappraisal of the 
Nike-Zeus system is scheduled for 
presentation to the President some 
time after budget submittal to Con- 
gress in January, when new funding 
for the missile could be requested. 


Western Electric received a 
$188,402,905 contract from the 
Army for Nike-Zeus R&D. DOD 
officials have estimated that it 
would cost a total of 8 to 10 billion 
dollars in R&D costs alone to estab- 
lish 40 to 50 Nike-Zeus sites. 


MATERIALS 


e At its fifth annual titanium con- 
ference, New York Univ. an- 
nounced that it has developed a 
new titanium alloy far superior in 
strength, ductility, and toughness 
to any comparable one commer- 
cially available. Nominal compo- 
sition: 6 per cent aluminum, 6 per 
cent vanadium, 2 per cent tin, 0.5 
per cent iron, 0.25 per cent copper, 
and 85.25 per cent titanium. The 
alloy has been tested extensively at 
NYU and Watertown Arsenal Lab- 
oratories, which sponsored the de- 
velopment. 


e GE’s Flight Propulsion Labora- 
tory at Evandale, Ohio, has devel- 
oped refractory cerium sulfides for 
use as core material in the casting 
of openings or channels in high- 
temperature and heat-resistant ma- 
terials. 


® Crucible Steel has received an 
AF contract to develop a manufac- 
turing process for rolled columbium 
alloy sheet. Aiming at sheets 36 
x 96 in., the program is expected to 
take two years. The sheet would 
be used as structure for hypersonic 
vehicles. 


e Hughes Aircraft has developed a 
method for casting optical-quality 
silicon for infrared sensors. The 
process will permit volume produc- 
tion of missile IR lenses and domes. 


INTERNATIONAL ROCKET WEEK 


© The U. S. launches 10 high-alti- 
tude research rockets this month in 
support of International Rocket 
Week, Nov. 16-22, and as a con- 
tinuation of IGY studies. The con- 
tinuing U. S. IGY studies are under 
the direction of the National Acad- 
emy of Sciences. 
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‘| to accomplish this launching must be maintained at a level 
©) of peak effectiveness at all times. 


y Malfunction in time of need could spell disaster. Predeter- 
| mination of possible malfunctions and the training of per- 
7 sonnel to detect, analyse, and correct rapidly is essential to 
preventing systems failures. 


» Under contract to General Electric, ERCO has developed 
"I and built equipment to provide familiarization and pro- 
) ficiency training for Air Force crews who operate the 
of Atlas ICBM guidance systems. This equipment has been 

| designed to provide personnel with: 


<= on creates 
experience 


Basic Training in guidance system equipment... Over- 
ss all familiarity with the system for each of the crew 
members... Recognition, analysis and correction of 
a the system’s malfunctions. 


The ability of our modern weapons to fulfill their defen- 
"7 sive missions rests largely on the men who operate and 
maintain these systems. 


© Training equipment systems, such as the one described, are 
© designed to permit the man to live and re-live an experience 
hundreds of times before it happens. 


> Fora professional study of your current project, we 
| suggest you contact Manager-Marketing: 


DIVISION G@CF INDUSTRIES INC., RIVERDALE, MARYLAND 


OTHER QCF DIVISIONS: ALBUQUERQUE * AMERICAN CAR & FOUNDRY 
AVION CARTER CARBURETOR SHIPPERS’ CAR LINE * W-K-M 
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Continued expansion of our ASW actiti- 
ties have created new opportunities for 
qualified engineers, Address inquiries to 
Manager, Honeywell Seattle Develop- 
ment Laboratory, 433 North 34th St., 
Seattle, Washington. 
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Prime targets in the fight for 
improved anti-submarine warfare: 


Anti-submarine warfare consists of six, easily-defined areas: 
search, detection, classification, localization, kill and assessment. 
Not so easy, however, is the job of implementing them. The 
United States Navy, with the help of private industry and other 
government research agencies, is making impressive headway on 
this ASW problem in many areas. Their target? Certain detection 
and continuous surveillance of any undersea threat. 

Honeywell is pleased to participate in this intensive Naval 
effort with the following projects in research, design, develop- 
ment and production: 


1 An anti-submarine missile, ASROC, that can be launched 
from a surfaced ship. 


2 A shore-based ASW weapons system team trainer. 


3 A new sonic sea range system that plots the hydroballistic 
trajectory of underwater weapons through a network of sonar 
buoys and mobile-based sonar. 

4 A torpedo and submarine tracking system consisting of an 
ultra-sonic transponder that tracks the path of high speed 
torpedoes and subs. 

5 A sonar training device for teaching trainees the proper action 
and response to sonar signals. 

6 A number of fuzing and arming devices for mines that will 
insure detonation only on recognition of enemy ship's signa- 
tures. 

7 A sonar target simulator capable of digesting radar and sonar 
target information and presenting this information visually 
aboard ship. 

Honeywell provides full corporate support for Anti-Sub- 
marine Warfare with the facilities of 14 corporate divisions. 
An example of Honeywell's facilities is the ASW Research 
Ship “Neper” (right) based at our Seattle Development 
Laboratory. Here ASW systems 
are tested in actual environ- 
ments of both fresh and _ salt 
water supported by complete 
test facilities, including instru- 
mented barges. 

If you have a problem in this 
important area of defense, 
write Minneapolis-Honeywell, 
Minneapolis 8, Minnesota. 


Honeywell 
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For the record 


Sept. I—AF reveals it successfully test-fired the XLR- 
99-RM-1 X-15 rocket engine. 
BS —AF formally turns over management of opera- 
tional Atlas to SAC at Vandenberg AFB. 


Sept. 2—IAF appoints Theodore von Karman chairman 
of a committee to set up an International Acad- 
emy of Astronautics. 


Sept. 5—AF discloses that F-100, aided by 130,000- 
Ib-thrust booster, recently effected takeoff from 
a platform in less than an inch. 


Sept. 9—NASA test-fires Big Joe space capsule more 
: than 1500 miles into Caribbean and recovers it. 
ea AF report indicates the capsule attained 100- 
mile altitude, speed of 14,000 mph and _ re- 
oe entered the earth’s atmosphere with tempera- 
tures never rising above 100 F. 
—SAC fires Atlas 4400 miles over Pacific Mis- 
: sile Range. 
Sept. 12—U.S.S.R. launches lunar rocket with 858.4-Ib 
payload. 
—U.S. schedules lunar shot for Oct. 3-6. 


“150 Miles High” Simulator 


Republic Aviation plans an environmental testing cham- 
ber capable of simulating pressure and ionospheric con- 
ditions at an altitude of 150 miles for its new research 
center at Farmingdale, N.Y. The chamber will be 14 ft in 
diam and 30 ft long. Being built by Tenney Engineering 
of Union, N.J., the new facility is expected to be installed 
at Republic’s research center in early 1960. 
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The month’s news in review 


14—Soviet Lunik II impacts on moon. 

—Soviet scientists say no territorial claims on 
moon will be made as a result of the flight. 
15—AF successfully fires full-sized mockup of 
Minuteman from underground launching pad 

at Edwards AFB. 


16—Army Jupiter containing mice and frogs is 
blown up soon after launch. 


—AF successfully launches Atlas. 


17—X-15 makes first powered flight, attaining 
speed of about 1400 mph. 
—NASA discloses plans to set up Minitrack 
station near East Grand Forks, Minn. 
—AF Thor-Able navigation satellite fails to 
orbit. 


18—Navy launches last Vanguard into orbit. 


20—DOD reveals AF has ordered development 
of nuclear ramjet engine. 


21—NASA says first American Astronaut will go 
from short-range test flights in Redstone rockets 
to full-scale satellite Jaunchings with Atlas. 
—Soviet scientists say data from recent lunar 
shot fails to reveal either a magnetic zone or a 
radiation belt around the moon. 


—AF announces plans to study the stars from 
stabilized platforms 10 miles above the earth. 


22—U.S. launches missile-firing atomic 
Patrick Henry. 


23—DOD assigns top role to AF in reorganized 
space program. 


—AF cancels F-180 development program. 


24—AF Atlas-Able explodes during  static-test, 
causing postponement of scheduled moon shot. 


—Navy proposes unified military space and 
missile development command under Joint 


Chiefs of Staff. 


25—AF Snark fails in launching test as result of 
ignition trouble. 


26—National Radio Astronomy Observatory re- 
veals one of its scientists has charted the heart 
of our galaxy and found four centers of in- 
tensity. 

28—NASA reports that Explorer VI, paddlewheel 
satellite, has transmitted TV pictures of the 
earth, and also has discovered new belt of 
radiation underlying the inner Van Allen belt. 
—Navy Polaris prototype fails. 

29—Navy says data from Project Sunflare indi- 
cates solar temperatures may run as high as 
190 million F, about 10 times hotter than 
previously estimated. 

30—AF Arcas hurls 3-ft plastic balloon 235,000 
ft above Cape Canaveral. 
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/ MOON GARDEN 
You can’t grow anything on moon soil . . . but Republic is . . . raising turnips, carrots, beets and snap beans in its 
lunar greenhouse experimental garden. > » > Republic is working on lunar garden studies as part of a research 
program to determine the feasibility of establishing a base on the moon. >» > > Hyman Stein, manager of space 
projects and studies for Republic's Applied Research and Development Division . . . and his “green thumb staff’ 
/ (Bill Taufman seen here), maintain a constant, studious vigil over these tests. > > > A basic aim is to determine at 
/ how low a pressure vegetables can be grown to maturity. The lower the pressure, the less weight of the greenhouse 


rs structure. And weight is critical in delivering a payload to the moon. > >» > These experiments will determine 
whether significant increases in crop production can be obtained by lengthening the working day as past tests 


/ indicate. Our Moon Garden studies are but one of many bold concepts under development as part of Republic’s 


multi-million dollar exploration into the realm of advanced aircraft, missiles, space travel and space. 


FARMINGOALE, LONG ISLAND, WN Y 
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be Experiments being carried 
7 out in Republic's preliminary 


center, scheduled for op- 
in 1960. 
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Keeping pace with the nation’s missile 
BOMARC “B” by BOEING. To be launched 
motor —this new weapons system whell | 


OFF THE GROUND FASTER FOR MORHI 


To strengthen our defenses, the armed forces and industry — as a 
team —ceaselessly strive to improve America’s weapons systems. 
The U.S.A.F.’s BOMARC “‘B”’ highlights this unified effort. 


An advanced weapon, now in the testing phase, BOMARC ‘‘B’’ 
features solid propellant rocket boosters built by THIOKOL. Instant 
firing action over extended periods of time and quick reach of high 


Ato ® CHEMICAL CORPORATION srisToL, PENNA. 


oS " ®Registered trademark of the Thiokol Chemical Corporation for its rocket propellants, 
ft liquid polymers, plasticizers, and other chemical products. 
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needs, the U.S.A.F. has under development 
with a THIOKOL solid propellant 
it becomes operational will move.... 


DISTANT INTERCEPT than earlier models 


altitudes to meet attacking aircraft are the promises of these spe- 
cially designed powerplants. 


Continued cooperative action by the military and thousands of 
contractors like THIOKOL Chemical Corporation and BOEING, | 
whose contributions to the air age, jet age and space age are 
immeasurable, is vital to America’s defense. 


£2 AIRPLANE COMPANY 


PILOTLESS AIRCRAFT DIVISION SEATTLE, WASHINGTON 
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International scene 


The ITU Conferences and Astronautical Radio Allocations 


Delegations from 88 nations are now 
gathered in Geneva under the auspices 
of the International Telecommunica- 
tion Union (ITU) to attend three con- 
secutive plenary conferences during 
which every aspect of radio service and 
science will be reviewed, and a com- 
pletely new world treaty will be en- 
tered into and new regulations pro- 
mulgated to implement the new treaty. 
One of the most important problems 
taken up at the meeting is that which 
deals with providing radio frequencies 
for astronautical communications and 
research, 

As a representative of ARS and IAF, 
the writer was privileged to address a 
plenary meeting of the delegates Sept. 
18. Excerpts from this address may 
serve to summarize the current status 
of astronautical radio. 


The IAF initiated its program for 
the development of a plan to control 
the use of radio in outer space with a 
formal proposal to the ITU dated April 
16, 1956. The IAF urged that work- 
ing arrangements be set up between 
the IAF and the ITU “looking toward 
the optimum plan for allocation of 
frequencies in the radio spectrum for 

.. communications in outer space.” 

The IAF proposal contained a five- 
point plan along the following lines: 

L. The International Radio Consult- 
ative Committee (CCIR) of the ITU 
should study the requirements of radio 
in space. 

2. The International Frequency 
Registration Board (IFRB) of the ITU 
should study the frequencies available 


to meet the requirements developed 
by the CCIR. 

3. The IAF should send representa- 
lives to the sessions of CCIR and the 
IF RB. 

4. The ITU should send representa- 
tives to IAF meetings—including the 
Rome Congress on earth satellites and 
spaceflight in September 1956. 

5. After completion of these four 
steps, the ITU should initiate formal 
steps to effect radio allocations for use 
in space. 

The ITU responded negatively to 
the IAF proposal. On June 11, 1956, 
the Secretary-General of ITU advised 
the IAF that the Union viewed the 
matters raised by the IAF as appropri- 
ate for the administration of individ- 
ual member nations. 


° 


Thereafter the IAF renewed its pro- 
posals, both in presentations to the 
ITU itself and in proposals to the 
constituent organizations of the ITU. 
The first of the latter category to which 
a formal proposal was made was the 
CCIR. 

On Sept. 3, 1956, the IAF submitted 
to the CCIR a proposal that CCIR es- 
tablish a new Study Group for extra- 
terrestrial Communications. this 
proposal, IAF reviewed progress up to 
that time in earth orbital satellite pro- 
grams and in the development of cis- 
lunar and circumlunar space vehicles, 
and discussed the importance of radio 
communications and guidance in such 
spaceflight activities. 

The IAF document concluded with 
the statement that CCIR was the only 


The author (right), ARS-IAF representative at the ITU Radio Conference in 
Geneva, exchanges a few words with Commissioner T. A. M. Craven (left), 
chairman of the Conference, and Col. R. B. Watkins, his administrative assistant. 


20 Astronautics / November 1959 


By ANDREW G. HALEY 


international body authorized to study 
the subjects of communications and 
guidance in extraterrestrial projects, 
and urged that such a study be com- 
pleted and a report rendered in time 
tor presentation to the ITU Interna- 
tional Radio Conference of 1959 in 
Geneva. 

The CCIR at its 13th Plenary Meet- 
ing in Warsaw on Sept. 13, 1956, re- 
sponded officially to the IAF proposal 
by causing its director to suggest that 
the IAF apply for membership in the 
CCIR. The CCIR director did so, and 
suggested further to IAF that it choose 
from among the list of then-existing 
CCIR Study Groups the Study Groups 
in which it would desire to participate. 

The IAF’s application for associa- 
tion with the ITU was filed on May 
10, 1957. The IAF pointed out its in- 
terest in participating in all confer- 
ences related to the study of radio re- 
quirements and the allocation of fre- 
quencies to various activities in space. 

The ITU Administrative Council, 
at its May 1957 session, voted to in- 
clude the IAF in the list of interna- 
tional organizations to be notified of 
the 1959 Radio Conference and to be 
allowed to participate therein. 

A letter was sent by the IAF to the 
CCIR on Aug. 7, 1957 stating that the 
IAF was seeking “intelligent studies of 
the technical aspects of radio commu- 
nication under operating conditions in 
spaceflight.” The CCIR_ responded 
by noting that the IAF was admitted 
to participate as an international or- 
ganization in the work of ITU. 

Thereafter, on Dec. 30, 1957, the 
IAF renewed its proposal that the 
CCIR set up a Space Communications 
Study Group, and also supplied the 
CCIR with copies of the ARS Appear- 
ance and Comments in the Federal 
Communications Commission’s inquiry 
into radio allocations between 25 and 
890 me. (ARS is, of course, a member 
of TAF.) 

On April 12, 1958, the IAF advised 
the CCIR of its intention and desire 
to participate in two of the then- 
existing Study Groups of the CCIR 
most closely connected with the sub- 
ject of radio communications in space. 
Thereafter, IAF was formally advised 
by the CCIR on April 18, 1958 that 
it would be allowed to participate in 
CCIR Study Groups VI (Ionospheric 
Propagation) and XI (Television ). 

(CONTINUED ON PAGE 62) 
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V SCOPE xo 100 


BURMAN ELECTR 


This Is Environmental Protection! 


Look at the above illustration, showing two Bendix air data sensors on an 
electromagnetic shake table. Notice the left hand unit which is mounted solidly 
to the oscillating head of the shaker. The image is blurred because a vibratory 
input of about .187” double amplitude at 35 c.p.s., equalling an acceleration force 
of 12 ‘“‘g’s”, is being applied directly to it. 

Now look at the right hand unit mounted on a Robinson engineered 
mounting system...some difference! The clear image of this equipment shows 
the typically high isolation efficiency (over 95%) of the Robinson MET-L-FLEX® 
mounting design. 

Other Robinson designs provide similar protection at higher frequencies 
where the input often reaches 30-40 “g’s”. The natural frequencies of such 
mounting systems are held within limits which are not critical to the equipment. 

Utilizing this mounting system radically reduces the environment to a level 
easily tolerated by any reasonably well designed electronic equipment. Such a 
mounting eliminates the need for costly and time consuming ruggedization. 
Over-all space and weight are held to a minimum. 

Because of the proven performance and reliability record of airborne com- 
ponents now protected by Robinson mountings, an increasing number of manu- 
facturers in the electronics industry are incorporating Robinson mountings as 
an integral part of their basic equipment design. 


“Performance is the reason... Reliability the Result” 


TETERBORO, N. J. 


Formerly ROBINSON AVIATION INC. e West Coast Engineering Office: Santa Monica, Calif. 


IESIGNERS AND MANUFACTURERS OF VIBRATION CONTROL SYSTEMS 
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“to strive, to seek, 
to find, and not to yield’”’ 
LORD TENNYSON 
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COVER: “Space Trajectories,’ another in 
the exciting series of photograms prepared 
especially for Astronautics by the talented 
team of Erich Locker and Gladys Washburn, 
keynotes the full-scale State-of-the-Art Re- 
port in this issue. Background photo of the 
Andromeda galaxy is used by courtesy of the 
Harvard College Observatory. 
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NOVEMBER 1959 


Year Three of the Space Age 


History becomes more contemporary every day. In the 56th year 
of the Air Age, the 20th year of the Atomic Age, the 17th year of the 
Jet Age, we enter the third vear of the Space Age. 

Thus far, most of the Space Age milestones are marked by a 
Hammer and Sickle stamped over a faintly visible Swastika. Oc- 
tober 4, 1957, was the date of the first milestone—a manmade satel- 
lite rocketing into orbit around the earth. In rapid succession came 
other milestones: The first satellite to carry a living creature; the 
first satellite to orbit the sun; the first hard landing on the moon; and, 
on the second anniversary of the birth of the Space Age, the first 
vehicle to circle the far side of the moon. 

During these two years, 18 satellites have been launched into 
earth orbits and two into planetary orbits, while one vehicle has 
landed on the moon and another has circled behind it. In addition, 
other probes have flown far into space and fallen back into the 
earth’s atmosphere. 

Scientific progress, however, still depends on the roadbuilding 
between milestones. Data from numerous satellites have made 
possible the mapping of the Van Allen radiation layers. This knowl- 
edge has been published in accordance with the best traditions of 
objective science. What cosmic irony lies in the paradoxical secrecy 
of propaganda science with its proprietary presumptions! 

Space sporting records have their place, but data and scientific 
records are even more important. It is fitting, therefore, that this 
Second Astronautics Annual should be devoted to a full-scale state- 
of-the-art report. This report represents the concerted efforts of the 
22 ARS Technical Committees to disseminate as widely as possible 
complete information on scientific, technical, and engineering devel- 
opments within their own areas of activity. As such, it is without 
question the most comprehensive report of this kind ever attempted, 
and one which only Astronautics could carry out. 

In this, Year Three of the Space Age, nothing must hinder free 
scientific communication if the success of man’s first flight into space 
is to be assured. 

All previous milestones are but stepping stones toward this historic 
fulfillment. 


John P. Stapp 


President, AMERICAN Rocker SoOcIETY 
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X-15 shortly after launch. In the coming year, X-15 flight-test program should start to contribute research data 


up to its design Mach number of six. 


The NASA program for 1960 


Advanced testing of Mercury capsule and tracking and communications 


system, Vega and Centaur development programs, satellite experiments 


utilizing Juno Il and Thor-Delta as launchers, and X-15 flight-tests 


highlight the nation’s civilian spaceflight program in the year ahead 


Homer J. Stewart joined NASA as 
director of the Office of Program 
Planning and Evaluation in October 
1958. He was previously professor 
of aeronautics at CalTech and chief 
of JPL’s Liquid Propulsion Systems 
Div. At NASA, Dr. Stewart is re- 
sponsible for the planning of national 
programs in space technology and ex- 
ploration both for the immediate and 
long-range future, as well as evalua- 
tion of progress in programs already 
underway. A native of Michigan, he 
received his B.S. in aeronautics from 
the Univ. of Minnesota in 1936, and 
earned his doctorate in aeronautics at 
CalTech in 1940. While at CalTech, 
he became interested in rocketry and 
was a member of the small group of 
CalTech scientists and engineers 
whose rocket experiments led to the 
formation of JPL. 
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By Homer J. Stewart 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, WASHINGTON, D.C. 


Te FIRST YEAR of operation of the National Aeronautics and 

Space Administration was ended on Sept. 30, 1959. A great part 
of the effort expended during the year has been directed toward 
the organizational problems of bringing into existence a new agency 
and toward initiating the programs required, in the long run, to 
create a sound technology and an advanced capability for operating 
in the new environment beyond the earth’s atmosphere. In addi- 
tion to this type of problem, an active program of research, both 
within and outside the atmosphere, has been pursued. 

The most dramatic portions of the research program are, of course, 
the flight-test experiments, and a goodly number of significant flight- 
tests were carried out during the year. Some of the most successful 
flight-tests during the year were the launching of Pioneer IV past the 
moon and on into a heliocentric orbit on March 3, 1959, the initial 
glide test of the X-15 on June 8, 1959, the launching of Explorer VI 
into a highly eccentric earth satellite orbit on Aug. 7, 1959, and the 
re-entry and recovery test of a full-scale Mercury capsule launched 
on Sept. 9, 1959 by the same model of the Atlas booster which will 
be used for later orbiting flights. 

The NASA program for the second year of its activity, 1960, has 
been presented in considerable detail in the Congressional hearings 
for the fiscal year 1960 budget, and it is the purpose of this report 
to summarize the program. It is obviously impractical in a brief 
summary of this type to cover the complete details of the complex 
and comprehensive program involving all phases of aeronautical and 
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space research. Instead, program highlights, pri- 
marily those associated with flight-tests, will be 
noted as a measure of the over-all program. 

The simplest and most direct measure of the over- 
all program is given by the budget. The NASA 
appropriation for fiscal 1960 and the 1959 supple- 
mentary appropriation are summarized in the table 
below right. The sum of these two items represents 
about a 50 per cent increase in over-all support over 
the 1959 appropriation. 


Top Priority for Mercury 


The highest-priority project in the current NASA 
program is Project Mercury, which is directed 
toward a demonstration of manned orbital flight. 
The last year has seen the completion of practically 
all phases of planning for the experiment, the initia- 
tion of contracts for the development and testing of 
the many pieces of specialized technical equipment 
needed, and the choice and initial training of the 
seven Astronauts who will carry out the flight-test 
assignment. Next year’s highlights will include the 
production, deployment, and checkout of the com- 
plex tracking and communications system required 
for the experiment. The capsule will be carried 
into the advanced phases of testing for orbital flight 
qualification and the Astronauts will enter the most 
advanced phase of training with suborbital flight- 
tests using Redstone boosters. 


ADVANCED BOOSTERS 


STAGE 380 STAGE 

RABLE PROPELLANTS STORABLE PROPELLANTS 
~ JPL NEW~ JPL 

STAGE 2ND STAGE 

“HYDROGEN LOX- KEROSENE 
~CENTAUR NEW~- VEGA 

STAGE 1ST STAGE 

IFIED ATLAS MODIFIED ATLAS 


HIGH ENERGY FUEL CONVENTIONAL FUEL 


CENTAUR VEGA 


The next most important projects in the NASA 
program are the Vega and Centaur vehicle develop- 
ment projects, designed to provide a great increase 
in our capability to carry out both low-altitude 
orbital missions and deep-space missions of the 
lunar, 24-hr orbit, and planetary types. Vega is 
being developed along conventional lines in order 
to obtain this advanced capability in the shortest 
possible time, while its companion project, Centaur, 
is directed toward the practical engineering solution 
of the problems of using a high-energy hydrogen- 
oxygen propulsion system, and should provide, over 
a longer time scale, a still greater increase in capa- 
bility. Neither of these two important projects is 
expected to reach the flight-test phase during the 
next year. However, both should proceed well 
along in the preflight de- (CONTINUED ON PAGE 126) 


NASA 1959 Supplemental and 1960 Appropriations 


1959 1960 
Supplemental Regular 
Salaries & Expenses $ 3,186,300* $ 91,400,000 
Research & Development 16,657,000 318,675,000 
Construction & Equipment 21,825,000 52,000,000 
TOTAL 41,668,300 462,075,000 


* Pay Act Supplemental, expended in fiscal year 1959. 


Full-scale Mercury capsule ready for 
launch. Mercury project has highest 
priority among current NASA programs. 
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Saturn booster—75 ft high, 22 ft in diam and generating 1.5 million lb of thrust—will be static-tested during 1960. 


The military space program for 1960 


Advanced astronautical research and space technology development 


in Department of Defense is aimed at military missions and objectives 


George P. Sutton, 1958 ARS president, 
has devoted his career to rocket and 
missile research and development pro- 
grams. After his education at Cali- 
fornia Institute of Technology, where 
he taught courses in mechanical and 
aeronautical engineering, he joined 
Rocketdyne. As manager of advanced 
design there, he had an integral part 
in many of our large missile projects. 
Last year, as Hunsaker Professor of 
Aeronautical Engineering at MIT, he 
lectured on rocket propulsion. In his 
present position as chief scientist of 
ARPA, he manages advanced research 
and development programs in space 
technology for the Department of De- 
fense. 
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By George P. Sutton 


ADVANCED RESEARCH PROJECTS AGENCY, DEPARTMENT OF DEFENSE, 
WASHINGTON, D.C, 


INCE the dawn of history, man has explored the environment 
which surrounds him and has exploited his new knowledge to 
make himself more secure. To the casual headline reader, it would 
appear that, as a nation, we seem to have leaped into an exotic Space 
Age. Contrary to this impression however, the Department of De- 
fense has for many years been undertaking an initial examination of 
the space environment and has available important resources of 
knowledge and hardware with which to develop the defensive and 
offensive capabilities of operation in this new human dimension. 
We are extremely fortunate that our military missile capability is 
readily applicable and convertible to astronautical projects. In fact, 
most of our rapid progress in space technology to date has been 
possible because we have been able to adapt existing military mis- 
sile technology to spaceflight, such as using present rocket engines, 
large ballistic missile boosters, modified armament rockets, missile 
guidance systems, present launching ranges and techniques, track- 
ing facilities, missile assembly plants, and available trained technical 
personnel. Without missile technology, there would be no stepping 
stones for mankind to venture into space, and without the pioneer- 
ing accomplished by the military, there would be no missile tech- 
nology. 
With the advent of the Space Age, heralded by the appearance of 
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Sputnik and subsequent developments in missile 
hardware, it soon became apparent that if the U.S. 
wanted maximum progress without duplicating the 
enormous costs involved, it would have to concen- 
trate its R&D efforts in one agency for over-all man- 
agement from a military point of view. This led to 
the creation of the Advanced Research Projects 
Agency in February 1958, under Public Law 85-325, 
85th Congress. Key dates in ARPA’s work are 
shown in the table on this page. Although the first 
program assigned to ARPA was military space tech- 
nology (which today is still the largest ARPA ac- 
tivity), research and development effort in other 
important areas such as ballistic missile defense, 
high-energy solid propellants, and basic materials 
research is also being managed and monitored by 
ARPA today. While these areas are growing in im- 
portance, they are not detailed in this paper. 


ARPA Manages Projects for DOD 


ARPA controls and manages, for the Department 
of Defense, a series of projects which are described 
in this article. In addition, the Air Force, Army, 
and Navy carry out several projects (such as system 
feasibility studies, X-15, or DynaSoar) related or 
directly applicable to spaceflight which are coordi- 
nated within DOD. (contTINUED ON PAGE 110) 


Typical DOD Missile Programs 
Applicable to Space Technology 


Project 


V-2 Wac 


Bumper- 
Wac 
Redstone 
(Forerunner 
of Jupiter) 
(Army) 
Jupiter 
(Army) 
Atlas 
(Air Force) 


Thor 
(Air Force) 


Vanguard 
(Navy) 
117-L 
(Air Force) 


Rover 
(AEC-AF) 


Missile Ranges 


Army-WSMR 
(WSPG) 

Navy-PMR 
(Pt. Mugu) 

AF-AMR 
(Patrick) 


Initiation 
Date 
(Approx) Original Purpose Space Anplication 
1946 Familiarization Forerunners of 
Test Firings Later Systems 
1949 Hi-altitude Stage Separa- 
Research tion 
1950 Ballistic Missile Booster for Ex- 
plorer and Ist 
stage for Jupi- 
ter-C 
1953 Ballistic Missile Satellite Booster 
1954 Ballistic Missile Booster for Mi- 
das, Mercury, 
Score, Vega, 
Centaur, Samos 
1955 Ballistic Missile Booster for Dis- 
coverer, Able 
Courier, 
Transit 
TSS Research Satellite Components used 
in Able, Vega 
1956 Reconnaissance Split into three: 
Satellite Samos, Dis- 
coverer, Midas 
1956 Engine Research Large Space 
Payloads 
1945 Launch Launch 
1946 & Track & Track 
1947 Missiles Space Vehicles 


ARPA Milestones in Space Technology 


Date 
February 1958 


Event 


ARPA created under Public Law 85-325, 85th 
Congress, and DOD Directive 5105.15 


Cognizance of 117-L Program Assigned from 
AFBMD to ARPA 


Date 


October 1958 


Event 


Communications Satellite 


Transfer of ARPA Orders 1, 2, and 3 to NASA 
(Lunar Probes) 


November 1958 


March 1958 


April 1958 


June 1958 


August 1958 


September 1958 


First ARPA Orders Issued 
To Army for Lunar Probes 
To Air Force for Lunar Probes 
To Navy for Lunar Probe Tracking 


Project Argus, Nuclear Detonations Outside of 
Earth’s Atmosphere 


Tracking Fence 


117-L Program Split into Samos, Discoverer, and 
Midas 


Project Score (Talking Atlas) 

Centaur (High-Energy Booster) 

Saturn (1.5-Million-Pound-Thrust Cluster) 
Solid-Propellant Program 


Navigation Satellite 


December 1958 


January 1959 


February 1959 


April 1959 


July 


1959 


Midas (Missile Defense Alarm System) 
Discoverer 

Active Repeater Communications Satellite 
Advanced Radar Research 

First Discoverer Launch Test 

Space Power Research (Solar and Nuclear) 
DynaSoar (Orbital Weapons Systems Study) 


Select Titan as Booster for Second Stage on 
Saturn 


Transfer Centaur to NASA 
Transfer Meteorology Satellite to NASA 


MRS-V_ (Maneuverable, 
Vehicle) 


Recoverable Space 


November 1959 / Astronautics 


27 


= 


This article, based on an address 
delivered by Col. Stapp, ARS presi- 
dent this year, at the Society's 1959 
Semi-Annual Meeting in San Diego, 
June 8-12, serves as a fitting intro- 
duction to the 22-state-of-the-art arti- 
cles which follow, since it is, in es- 
sence, an examination of the state of 
Man himself as he enters the Space 
Age. 


Kepler Newton 


Man’s mission in space 


All the qualities which distinguish Man from other forms of life 


on this planet will be called into play as he rises to a supreme, 


self-made challenge greater than any ever faced by the human race 


ji 

John Paul Stapp holds B.A. and M.A. 
degrees (in zoology and chemistry ) 
from Baylor Univ., a Ph.D. degree in 
biophysics from the Univ. of Texas 
(1940), and an M.D. degree from the 
Univ. of Minnesota (1944). During 
his 15-year service career, Col. Stapp 
has served as general duty medical 
officer, industrial medical officer, 
flight surgeon, and research specialist 
in aviation and space medicine. Per- 
haps best known for his 29 rocket 
sled deceleration and windblast ex- 
periments, which won him the title 
of “fastest man on earth,” he founded 
and organized two laboratories, the 
Aeromedical facility of Edwards AFB 
and the Aero Medical Field Labora- 
tory of Holloman AFB, for the Air 
Force, and is now chief of the AF 
Aero Medical Laboratory, Wright Air 
Development Center. 
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By Col. John P. Stapp 


AF AERO MEDICAL LABORATORY, WADC, WRIGHT-PATTERSON AFB, OHIO 


IVILIZATION, in essence, is survival instinct transfigured into 
the hope of immortality, and passion sublimated into compas- 
sion. 

Motivated first by religion, civilization found a contemplative 
evolvement in Asia, with emphasis on states of being. Centered on 
self-development, it flowered in artistic and poetic expression, math- 
ematics, and mysticism. In the West, religion established socially 
directed, gregarious patterns, with emphasis on good actions. The 
justification of the individual in terms of his contribution to the wel- 
fare of the group motivated civilization in the West along lines of 
dynamic solidarity. 

Logically, the progressive materialism of modern experimental 
science evolved from and contributed to Western philosophy. The 
atomism of the Greeks contrasts sharply with the Nirvana of the 
Hindus. When East meets West, the Mandarin says, “May your 
shadow never grow less,” and the Yankee replies, “What can I do for 
you?” The Westerner earns a heavenly reward by good works; the 
Easterner gains merit toward reincarnation in a better state of being. 

In modern experimental science, truth is arrived at by arduous, 
disciplined skepticism. It refuses speculation except in the evalua- 
tion of experimental approaches to the unknown; it accepts an end- 
less state of flux demanded by the perpetual revision of principles 
through the discovery of new facts and the evolution of new methods 
of analysis. It is dynamic in the same sense that reaction propulsion 
expands and accelerates. To minds that yearn for vague, comfort- 
ing generalizations and banal, abstract finalties, modern experi- 
mental science is deplorable and distressing. 

Inexorably, the scientific method seeks universal laws by exploring 


the 
wis BY. 
no 
Galileo tel 
the 
pri 
un 
sif 
co 
th 
ing 
dy 
sys 
hu 
ed 
as 
rié 
an 
q 
ch 


the universe for them. Man can look both ways 
from the middle of the dimensional range accessible 
to him. Microscopically, he looks toward the elec- 
tron; telescopically, toward the outer galaxies of his 
universe. Basic consistency with the nature of the 
scientific method requires exploration of all phenom- 
ena in all attainable dimensions. The quest for 
the unknown is no less compelling in our solar sys- 
tem and beyond than in subatomic particle pbe- 
nomena. Indeed, they are interrelated. 

In the past, great astronomers, with unlimited in- 
tellectual audacity and limited telescopes, did what 
they could to explore the universe which we are 
privileged to penetrate with our missiles. They left 
us a challenge either to explore the extraterrestrial 
universe by every means we can develop or to re- 
sign ourselves to willful ignorance, defectors to the 
consistency of the scientific method and no better 
than speculative philosophers. We cannot fall short 
of seeking the whole truth within our grasp concern- 
ing our universe. There is no doubt that men will 
embark on journeys of exploration beyond the aero- 
dynamic atmosphere, within and beyond the solar 
system, and as far into outer space as the span of 
human life and available means of propulsion and 
guidance will allow. 

The effort must be dedicated to gaining knowl- 
edge and mastery of our universe, with no delusions 
as to material gain and no reservations about mate- 
tial cost. Dismal pages of history recall crusades 
and wars that left us no better legacy than the record 
of ruined cities and overthrown civilizations. As the 
challenges of their era, offering the only hope of 
human progress, these wars and crusades were 
bravely undertaken even though they brought tragic 
consequences in their wake. 

In this frame of reference, our generation is on 
the launching pad for the greatest era of scientific 
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exploration that man can hope to undertake. It is 
a crusade for knowledge of the universe that must 
ineffably enlarge the domain of human civilization 
to universal dimensions. In this light, motives of 
material gain become trivial and adventurous bra- 
vado absurd. 


Challenges All Mankind 


Human pride in priorities of discovery should not 
corrupt this great effort with paltry competition. It 
is a challenge to the world of science, recognized 
in the organization of the International Geophysical 
Year; it is an area of human endeavor above and be- 
yond the polemics of nationalism. If ideals are 
admissible to science, here they will set standards. 

Granting him ample courage to undertake space- 
flight, what of man’s capabilities to endure the 
known and partly known ordeals of the journey 
and to contribute more than his mere survival in 
the experiment? 

Even on his native earth, a narrow range of en- 
vironmental factors determines the distribution of 
human populations. One of the least likely causes 
of international tension would be a boundary dis- 
pute in the Antarctic polar continent; lack of water 
in the Sahara limits the population to scattered 
tribes of nomads; the overabundance of water in 
tropical rain forests produces green barriers against 
penetration; mountain heights above 16,000 ft are 
only briefly attained by hardy sportsmen and sci- 
entists. 

To travel in space, man must enclose all his living 
requirements for the duration of the flight within the 
spaceship. (CONTINUED ON PAGE 130) 
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State of the Art, 1959 


Astrodynamics 


By Samuel Herrick and Robert M. L. Baker Jr. 


UNIV. OF CALIFORNIA AT LOS ANGELES AND AERONUTRONICS, RESPECTIVELY 


For the ARS Astrodynamics Committee 


N ACCELERATING INTEREST in the field of 

astrodynamics is evidenced by the number of 
papers connected with it that have been presented 
recently at national and international meetings, in- 
cluding approximately 27 at the 10th International 
Astronautical Congress in London and 13 to 16 at 
the May and November meetings of ARS (San 
Diego and Washington ). 

Progress in the determination of gravitational and 
other environmental constants has been notable this 
year, but the theoretical side of astrodynamics is 
still somewhat hampered by the lack of preparation 
of many of the contributors to the field. The urge to 
embark hastily upon analysis and writing without 
understanding either the historical or even the con- 
temporary advances in the field is. still) unduly 
crowding the technical journals. On the other hand, 
thoughtful application of astrodynamical techniques 
to range systems (e.g., the NASA Project Mercury 
range and the satellite filter center of the U.S. Air 
Force) is making substantial contributions to effi- 
cient design and will pay off in dollars and cents 
in the long run. 

As predicted in our survey, “Recent Advances in 
Astrodynamics,” in the Oct. 1958 Jet Propulsion 
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(now ARS Journal), to which the present article 
and its bibliography are in a sense a sequel, the 
emphasis of a considerable part of the effort in astro- 
dynamics has been in precision orbits. Here, studies 
show wide variety and scope, justifying the defini- 
tion of astrodynamics as including those portions of 
celestial mechanics, geodesy, aerodynamics, exterior 
ballistics, electromagnetic theory, geophysics, astro- 
physics, and observation theory that bear on the 
trajectories of natural and manmade planets, satel- 
lites, comets, meteorites, and other objects above 
the denser portions of the earth’s atmosphere. These 
areas are not only of concern to precision orbit work, 
but also should be considered with a spirit of care 
and patience in all astrodynamical problems. 


Earth's Influence on Trajectories 


Determinations of the earth’s gravitational field 
and of the density of the atmosphere and its affect 
upon trajectories have deservedly received a con- 
siderable share of attention in recent months. The 
coefficient, J, of the second harmonic in the earth’s 
potential has been re- (CONTINUED ON PAGE 180) 
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State of the Art, 1959 


Communications 


By Max A. Lowy 
CHIEF SYSTEMS ENGINEER, 
DATA CONTROL SYSTEMS, DANBURY, CONN. 


For the ARS Communications Committee 


N GENERAL, the greatest step forward in the past 

year has been connected with the application of 
semiconductor devices. The initial equipment re- 
quirement placed on the industry by the leap into 
space, via satellites and probes, has been reflected 
back into equipment now being utilized or planned 
for long-range missiles such as the Minuteman and 
the Polaris, and is presently making its effect felt 
on the design of new ground equipment. Although 
transistorization of airborne components for use in 
missiles dates back to 1951 and 1952, it was not until 
recently that serious attempts were made to transis- 
torize large portions of the electronic systems con- 
nected with long-range missiles and space vehicles. 
Some background material was available from tel- 
emetering and guidance systems utilized in such 
early missiles as the Corporal. However, these sys- 
tems were simple compared with today’s. The de- 
signer of electronic equipment was forced to con- 
sider the problem of weight, power, and volume 
suitable for spaceprobe payloads. The serious re- 
duction in size and weight required for the first 
Pioneer probe obsoleted existing equipment. The 
obvious answer lay in the design of transistorized 
equipment.! 


First Used in Satellites 


Like all other new techniques, transistorized cir- 
cuitry required support before its adoption was 
made possible. The initial requirements of satellites 
and space probes demanded immediate develop- 
ment of lightweight, reliable telemetry and com- 
munications equipment to operate over long periods 
of time from light, low-power battery packs. In 
practically all cases, the development of these tran- 
sistorized systems was accomplished by the organi- 
zations who built and fired the satellites and space 
probes. However, acceptance of these systems and 
their surprising performance gave enough informa- 
tion to the field to increase the desire of the large 
missile users and experimenters for transistorized 


equipment. This acceptance cleared the way for 
the development of such equipment by commercial 
organizations, who could then in turn offer this 
equipment for sale as standard commercial items 
for use in large or small missiles or space vehicles. 

The past year has seen a tremendous growth 
within the industry of proprietary items of a transis- 
torized nature. For the telemetry field, this has 
included the development of a number of com- 
pletely transistorized voltage-controlled oscillators, 
resistance-controlled oscillators, DC amplifiers, AC 
amplifiers, voltage regulators, and a very wide va- 
riety of voltage converters. From the RF point of 
the communications link, there are several transmit- 
ters operating within the telemetry band and yield- 
ing approximately 2 watts that are at least partially 
transistorized. The state of the art has not allowed 
full transistorization of 2-watt transmitters within 
the 220-mc band. 

However, the Air Force’s first moonprobe project, 
Able-1, did contain a completely transistorized trans- 
mitter operating at approximately 105 me and yield- 
ing a power output of close to !/. watt.* Strangely 
enough, the resulting equipment has not only proved 
to be more reliable than its old vacuum-tube coun- 
terpart, but in practically (CONTINUED ON PAGE 171) 


This all-solid-state-device miniature phase-lock-loop dis- 
criminator for use with FM/FM telemetering systems is 
typical of the broad practical application of semicon- 
ductor devices to complex communication systems in 
the past year. 
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By Paul E. Sandorff 


ASSOCIATE PROFESSOR, AERONAUTICS AND ASTRONAUTICS DEPT., MIT, CAMBRIDGE, MASS. 


For the ARS Education Committee 


RECENT ARS survey indicated that consider- 

able progress has already been made by many 
large universities in incorporating astronautics 
topics into their curricula.!| The number of accred- 
ited engineering colleges in the U.S. is about 200; 
more than half now offer courses of instruction and 
provide research opportunity in some field of engi- 
neering or science directly related to the astronau- 
tics profession. 

However, this situation may be misleading for 
the prospective university student who hopes to 
qualify as an astronautical engineer or scientist 
in four or five years. First of all, proficiency in as- 
tronautics requires all the technical background of 
one of the established fields of science or engineer- 
ing, plus competence in several other disciplines not 
formerly found in these already crowded curricula. 
Secondly, a review of this year’s bulletins reveals 
that in only a few universities do the newly intro- 
duced astronautics courses form part of a cohesive 
academic program. 


One Approach to the Problem 


One method of establishing a coordinated pro- 
gram in astronautics is to consider systems engi- 
neering of an astronautical vehicle as possible ulti- 
mate objective, and to establish the necessary back- 
ground in all relevant fields as preparation for an 
exercise in the analysis and synthesis of vehicle 
design. This approach is strongly evident in several 
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engineering schools; and to the graduate of such a 
program, the degree of Bachelor of Science in astro- 
nautics would be truly significant. Successful Mas- 
ters and Doctor’s programs in astronautics may 
also be based on the flight-vehicle concept in educa- 
tion. This has been achieved in the special mili- 
tary officers program in astronautics at MIT that 
has been attended by selected Air Force and Naval 
personnel.? However, it seems clear that a broad 
cohesive academic program in astronautics is still 
relatively rare, and that in the near future, as in the 
past, the majority of astronautical engineers and 
scientists will be recruited from conventional aca- 
demic circles. 

Most prospective astronauts will wisely seek 
further postgraduate education in a_ specialty. 
Partly in response to urgent and growing need, and 
largely as a result of the endorsement of university 
research programs by governmental agencies in re- 
cent years, our institutions have created strong cen- 
ters of study and research where advanced training 
in astronautics specialties is possible to a depth and 
sophistication unique in the history of education. 
A postgraduate program at such a center may usu- 
ally be based on undergraduate work at any of the 
better engineering and science schools. At the risk 
of censure for unintentional omission, a table on 
page 132 is offered as a partial list of the centers for 
specialized study and research which have received 
widespread recognition. 

That an educational problem exists for the youth- 
ful astronaut is made (CONTINUED ON PAGE 132) 
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Guidance and navigation 


By Lawrence S. Brown 


AVIONICS SUBCONTRACT ADMINISTRATOR, GRUMMAN AIRCRAFT ENGINEERING CORP., LONG ISLAND, N.Y. 


For the ARS Guidance and Navigation Committee 


A’ WE VENTURE to make the annual assessment of the state of 
the art in the field of guidance and navigation, it is again evident 
that haste is being made slowly. The inventions and improvements 
being made in 1959 would have been individual landmarks 20 years 
ago, but today they constitute relatively small ramp-function in- 
creases to the vast cumulative technology. 

Only moderate progress has been evidenced in guidance systems 
for second- and third-generation long-range ballistic missiles..° The 
trend to all-inertial systems has continued for “operational” and de- 
velopmental missiles. The advance of the inertial art—using pres- 
ently available components—is reaching the point of diminishing 
returns, but significant advances appear theoretically possible from 
work being done on radically new gyros.® 

One of these is the electrostatic gyro with a spherical rotor sus- 
pended between three pairs of support electrodes, with other elec- 
trodes for capacitance pickoffs. A more exotic type being actively 
researched is the particle gyro, based on angular and magnetic mo- 
ments of protons and electrons. A “rate-of-turn” version is based on 
magnetic resonance detection of frequency changes caused by im- 
posed angular momentum vectors. A “position” type, operating at 
superconductive cryogenic levels, employs the rigidity in space of 
molecular spin in liquids and gases. 


Difficulties Involved Are Imposing 


In one type being worked on, liquid helium is quantized by a mag- 
netic field which aligns and fixes the spin axes of molecules possess- 
ing magnetic or electric dipole moments. After the field is removed, 
sensing is performed by detection of the angle of intersection be- 
tween polarized ultraviolet light and the space-fixed spin system. 
The difficulties involved in these techniques are imposing, to put it 
mildly. The radiations resulting from acceleration of the particles 
are minuscule and subject to disturbance on nuclear and thermody- 
namic levels, and detection (by the magnetic resonance method ) of 
induced output voltages is in the micro-microvolt range. 

Without a doubt, the greatest strides in the past year have been 
made in the further development and application of miniaturized 
digital computing systems.’ The pioneering (and proving) of these 
ultrasophisticated devices, acting as central data processors, is being 
accomplished in heavily “avionic” aircraft well along in develop- 
ment. They serve as the focal point among a variety of sensors, 
ground links, and control systems. Some of the functions simultane- 
ously performed are multiple target tracking, identification, and 
evaluation; multiple interceptor direction; (CONTINUED ON PAGE 150) 


State of the art sees compact bal- 
listic missile guidance systems, like 
this Polaris autonavigator (above), 
become reality, and researchers 
turning to new approaches, such as 
the electrostatic-suspension gyro, to 
gain new levels of accuracy. Po- 
laris autonavigator contains inertial 
platform, gyros, and velocity meters 
in binnacle (uncovered ) at left and 
all other electronic equipment in 
console at right. Below, Minne- 
apolis-Honeywell engineer  ex- 
amines beryllium sphere with toler- 
ances of less than 15 millionths of 
an inch that will form the rotor of 
the highly accurate electrostatic- 
suspension gyro being studied by 
M-H. 
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This full-body restraint system for 
spacecraft, designed and modeled 
by Gary Graham of Boeing, reflects 
the new closeness of human factors 
and engineering science. 


Human factors and bio-astronautics 


By Lt. Col. Stanley C. White (USAF-MC ) 


ResipeNt Fiicut SurGEON, Space Task Group, NASA LANGLEy Va. 


For the ARS Human Factors and Bio-Astronautics Committee 


INCE the first post-Sputnik frenzy, human factors 

and bio-astronautics activities in this country have 
developed into a logical stepwise program leading 
to spaceflight. As part of this program, the ARS 
Human Factors and Bio-Astronautics Committee 
enlarged its coverage to encompass all phases of 
manned rocket and space-vehicle operation. The 
programs sponsored by the Committee during the 
year have tried to reflect this widened mission, 
covering such diverse areas as selection of astro- 
nauts, design of crew-training and holding facilities, 
and newly defined human tolerances to spaceflight 
conditions. 

The human factors area least publicized, but 
greatly developed, last year, was that of crewman 
support for a space mission. The job the crewman 
will do and the methods available to permit him 
to do his job efficiently have received great empha- 
sis. The Committee is currently studying sugges- 
tions for sessions on this subject for the near future. 
These sessions would permit the formal presenta- 
tion of progress in this area at a centralized loca- 
tion, and make information available to everyone 
directly concerned with human factors and_bio- 
astronautics. 

During 1959, there has been a transition in the 
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space-exploration planner’s thinking. The planner 
has moved from discussing whether man should be 
sent into space, and of what value he would be in a 
space vehicle, to discussions of how man could be 
used as a full contributor and participant in space- 
vehicle operations. As a case in point, NASA estab- 
lished Project Mercury under its top priority to 
demonstrate development and flight of a manned 
space vehicle. 


Need for Data Stressed 


To support this area, the Committee has_pre- 
sented, in formal sessions, the environmental-system 
approaches and the need for data which will permit 
early flights. Many members of the Committee and 
many ARS members concerned with human factors 
are devoting a great part of their active careers to 
bringing such flights from the idea stage to hard- 
ware. 

Significant programs which characterize progress 
in this area are the X-15; Project Mercury; Project 
DynaSoar; bio-pack flights; studies in weightless- 
ness, transverse acceleration, and impact accelera- 
tion; radiation satellite studies; psychological and 
psychiatric studies on crew (CONTINUED ON PAGE 166) 
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Hypersonics 


By William H. Dorrance 
SENIOR STAFF SCIENTIST, CONVAIR 
SCIENTIFIC LABORATORY, SAN DIEGO, CALIF. 


For the ARS Hypersonics Committee 


HE YEARS 1958 and 1959 are significant in the 

field of hypersonics as a period of consolidation 
of effort and recognition of this fieid as an important, 
distinct branch of gas dynamics. This recognition 
is exemplified by an increasing awareness of the 
unique characteristics of hypersonic gas dynamics, 
by the formation of the ARS Hypersonics Commit- 
tee, and by the appearance of the initial textbook in 
this field. - 

Perhaps it is in order to establish a frame of 
reference for a state-of-the-art review by quoting 
the description of the field of hypersonics which 
has been agreed upon by the members of the ARS 
Hypersonics Committee. 


“Hypersonics is the field of science con- 
cerned with phenomena associated with the 
flight of objects at a high velocity through an 
atmosphere. The atmosphere can be that of 
earth or other planets, or liquids or gases 
chosen for laboratory purposes. Viscous and 
nonviscous, continuum and noncontinuum, 
ionized and nonionized gas flows might rea- 
sonably be included under certain circum- 
stances. The interplay of chemical kinetics 
with gas dynamics frequently characterizes 
hypersonic gas flows. A distinguishing feature 
of hypersonic gas dynamics is that of high 
flight Mach number.” 


It is with the above definition in mind that we look 
at advances in the past year. 

But first, several recent review articles have ap- 
peared on various aspects of hypersonics which are 
recommended to the interested reader. Allen! 
has summarized in detail the classical aerodynamic 
problems involved in re-entry and hypersonic flight. 
Real gas effects and the effects of dissociation and 
recombination on heat transfer were discussed by 
Griffith Rosner," respectively. Sears* re- 
viewed the prospects for magnetohydrodynamics. 
The subjects of these review articles will not be 
dwelt upon here in great detail. 
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Heat-transfer theory and measurements compared for 
hemisphere-cylinder using theory of Kemp, Rose, and 
Detra (see Reference 14). 


The cool mercury plasma tunnel, shown in action at 
Mach 3, with flow excited by radio-frequency field, was 
designed by Eckert to study continuous plasma flows 
(see Reference 45). 


Hypersonic flight speeds engender high kinetic 
energy and thus high enthalpy levels in the com- 
pressed or retarded air in the boundary layer and 
shock layer ensheathing a hypersonic body. These 
high enthalpy levels in turn are characterized by 
chemical reactions taking place in the air mixture. 
Recent theories for the inviscid and viscid flow 
around hypersonic bodies (CONTINUED ON PAGE 78) 
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Instrumentation and controls 


By Herbert Friedman 
HEAD, ATMOSPHERES AND ASTROPHYSICS DIV., U.S. NAVAL RESEARCH LABORATORY, WASHINGTON, D.C. 
For the ARS Instrumentation and Controls Committee 


N THE FIELD of instrumentation we are con- 

cerned with apparatus and techniques applied to 
the detection, measurement, evaluation, transforma- 
tion, and display of information, and the conversion 
of information to control operations. Rocket engi- 
neering and space research have generated such 
unique requirements for performance testing, con- 
trols, and payloads that instrumentation has come to 
represent one of the most important aspects of 
Space-Age technology. 

The instrumentation of rockets, satellites, and 
probes for research in the upper atmosphere and in- 
terplanetary space presents a great challenge to de- 
velopers of payload instrumentation. Included in 
this category are photoelectric sensors, particle de- 
tectors, image converters, spectroscopic devices, 
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magnetometers, atomic clocks, meteorite detectors, 
pointing controls, stable platforms, and telescopes. 
Several outstanding achievements within the past 
year are worth noting. 


Work Progressing on Atomic Clocks 


Among the most sophisticated instruments now 
under development for satellite experiments are 
atomic clocks and magnetometers. The possibility 
exists of testing the general theory of relativity by 
comparison of the gravitational effect on the rate of 
a clock in a satellite relative to a clock on the 
ground. In a satellite with apogee at 25,000 km, 
the average shift should (CONTINUED ON PAGE 114) 
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lon propulsion 


By Ernst Stuhlinger and Robert N. Seitz 

RESEARCH PROJECTS LABORATORY, 

ARMY BALLISTIC MISSILE AGENCY, HUNTSVILLE, ALA. 
For the ARS Ion and Plasma Propulsion Comm. 


APID PROGRESS made in ion-rocket develop- 
ment programs in the last few months justifies 
some optimism regarding prospects for a small but 
useful ion motor within the next few years. The 
Goodrich-High Voltage Astronautics Inc. has re- 
ported 30-milliamp (ma) currents of mercury ions 
at a specific impulse of 7600 sec produced with a 
von Ardenne-type arc source. The measured thrust 
is 400 dynes, and the ratio of beam kinetic power 
to total electrical power input is greater than 50 
per cent. General Electric has reported total beam 
currents of as much as 75 ma and a power conver- 
sion efficiency of about 15 per cent with a surface 
ionization source. Electro-Optical Systems Inc. 
has succeeded in achieving very low electrode inter- 
ception losses and current densities of 14 ma/cm?, 
also with a surface-ionization source. Other equally 
advanced work is taking place at Thompson Ramo- 
Wooldridge, Rocketdyne, NASA’s Lewis Research 
Center, Wright Air Development Center, Curtiss- 
Wright, Aerojet-General, Convair (Ft. Worth), 
Marquardt, Pratt & Whitney, Hughes Aircraft, and 
other organizations throughout the country. 

This may be contrasted with the situation which 
prevailed six months ago. At that time, the re- 
ported power conversion efficiencies were 2 to 3 per 
cent, with 20 per cent or more of the accelerated 


ions being intercepted by the acceleration elec- 
trodes. Also, no deliberate ion-beam neutralization 
or direct-thrust measurements had been accom- 
plished. 

What are some of the remaining problems perti- 
nent to ion-rocket-motor development? It is con- 
venient to divide the task of ion-rocket-motor devel- 
opment into three main problem areas. These are 
the development of a suitable ion source, a low- 
interception accelerator, and a low-loss ion-beam- 
neutralization system. 

An ion source for a propulsion device must satisfy 
certain stringent requirements. Its weight should 
be small in comparison with the weight of the ion- 
rocket’s electrical powerplant. It should convert as 
large a fraction as possible of the available elec- 
trical energy into kinetic energy of the ions in order 
to minimize the weight of the required electrical 
generation equipment. It must convert nearly 100 
per cent of the neutral propellant atoms into ions. 
Furthermore, because of the low accelerations im- 
posed upon ionically propelled vehicles by the 
power-to-weight ratios of their power-generation 
equipment, the ion source must have a long and 
reliable lifetime (preferably a few years) in order 
to permit the attainment of large vehicle velocities. 

One type of ion source which may fulfill these 
strenuous requirements is the “duoplasmatron” are 
source originally developed by M. von Ardenne. 
This device, which utilizes a magnetic field to con- 
strict the plasma, promises high power and ioniza- 
tion efficiencies. 


Another Promising lon Source 


Another promising type of source is based upon 
the catalytic ionization of alkali metal vapor by hot 
platinum or tungsten surfaces. This process occurs 
because the work function of tungsten is lower than 
the ionization potential of some of the alkali metals, 
i.e., the level of the “Fermi sea” in the tungsten is 
lower than the energy level of the valence electron 
in an adsorbed cesium or rubidium atom. The ratio 
of ions evaporating from a hot tungsten catalyst to 
neutrals striking the catalyst can be nearly unity. 
A graphical plot of the ion-to-incident-particle ratio 
is shown on page 98. These curves illustrate an 
important feature. It will be noticed that each of 
the ionization curves falls off sharply below a certain 
critical temperature which depends upon the current 
density drawn from the source. This occurs when 
the incoming cesium flow rate exceeds the evapora- 
tion rate, allowing a layer of cesium to build up on 
the catalytic surface. This lowers the catalyst work 
function, and thereby lowers the ion/atom ratio. 

Since the evaporation (CONTINUED ON PAGE 94) 
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What reliability will the liquid rocket engines which 
will power gigantic vehicles like NASA’s Nova achieve? 
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Liquid rockets 


By Y. C. Lee 
MANAGER, SPACE TECHNOLOGY DIVISION, 
AEROJET-GENERAL CORP., AZUSA, CALIF. 

For the ARS Liquid Rocket Committee 


Y AND LARGE, progress in liquid rocket tech- 

nology to date has not been extensive or spec- 
tacular, and programs have not been overly imagin- 
ative. Their initiation has been dictated primarily 
by immediate considerations for military require- 
ments and/or space exploration. 

Nevertheless, some progress has been made dur- 
ing 1959. From the standpoint of size, or more ap- 
propriately thrust scale, development of a 1 to 1'/» 
million-Ib-thrust rocket has been initiated. It uses 
the well-established propellant combination of lox 
and RP-1. Such a program logically should be ex- 
tended to the use of high-energy combinations such 
as lox and liquid hydrogen. In this regard, the Cen- 
taur program, involving development of a relatively 
small thrust lox and liquid-hydrogen rocket, has 
been initiated and represents a step in the right 
direction. 

Obviously, the next step would be the develop- 
ment of a much larger thrust rocket, say on the order 
of 10 to 20 million lb of thrust. It is not difficult to 
predict that there will exist requirements for a 
50 to 100 million-lb liquid rocket engine, if one is 
serious about space exploration. A simple calcula- 
tion will show that, with a launch weight to payload 
ratio of 500, in order to put a 200,000-Ib payload in 
space for lunar missions, the booster thrust require- 
ment will be on the order of 100 million Ib. For 
engines of the 100 million-lb-thrust class, the ques- 
tion of single engine versus a clustered configuration 
is one that can be answered only by detailed engi- 
neering analysis, design, and test. 

Although the progress mentioned above has been 
made, it must be pointed out that basically speaking 
these programs have depended and drawn upon 
technology that has been in existence for the past 
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10 to 15 years. As an example, the feasibility of 
using lox and_ liquid-hydrogen propellants was 
demonstrated in 1949, while lox and RP-1 was in- 
vestigated prior to 1949. The combustion problem 
in large rockets is resolved largely by empirical 
processes at considerable cost. 

In view of these experiences, the logical question 
is what future course of action should be taken to 
replenish the store of technology for future use. 
The author would venture to suggest that the most 
important technological areas are (1) reliability 
and (2) propellant technology. 


Little Reliability Data 


Any discussion of reliability is handicapped by 
the relatively scant data available on which to base 
a valid estimate. The reliability of an engine is the 
reliability of each component raised to a power cor- 
responding to the number of such components. 
The approach to improved reliability is therefore 
obvious. One is to decrease the number of com- 
ponents, and the other to improve individual com- 
ponent reliability. 

It is pertinent to indicate here that control com- 
ponents contribute largely to reliability statistics. 
Thrust chamber valves, gas generator valves, turbo- 
pump control components, ignition and starting sys- 
tem components, electrical components, and _ se- 
quencing units, just to name a few, all require ex- 
tensive bench testing, environmental testing, and 
other types of tests to determine performance and 
reliability. In other words, in the course of engine 
development, special emphasis should be given to 
component testing before (CONTINUED ON PAGE 148) 
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Logistics and operations 


By Robert B. Rypinski 


CHIEF ENGINEER, FIELD SUPPORT BRANCH, MISSILE DIV., CHRYSLER CORP., DETROIT, MICH. 


For the ARS Logistics and Operations Committee 


T APPEARS FITTING to begin this first annual review with 
the report of the establishment, by ARS, of the Logistics and 

Operations Committee. The committee has defined its areas of 

interest (which are also the areas of this report) as follows: 

Logistics is the support of operating rocket vehicle systems by 
provision of required operating and maintenance instructions, 
spare parts, tools, test equipment, supplies, and supplementary 
technical personnel. 

Operations are rocket-vehicle system field-tests, launchings, or 
exercises which investigate or evaluate the system’s capability to 
carry out its assigned mission. 

Since 1957, it has been increasingly clear that most rocket activities 
fall into two major categories: Weapon systems and space vehicles. 
Each of these is reported on separately, although most space vehicles 
are today propelled by adapted weapon system rockets. 

To take up weapon systems first, logistic achievements included: 

1. Initiation, at San Bernardino Air Material Area, of Ballistic 

Missile Logistic System Management using Electronic Data 

Processing Systems (EDPS). 

. Improvement in logistic support concepts resulting from studies 
of a man-machine-model conceived and operated by the Logis- 
tic Laboratory of the Rand Corporation. 

From the operations standpoint, there were these developments: 

1. R&D test-qualification of certain weapon systems and accelera- 

tion of the testing rate on others. 

2. Establishment of a new national test facility, the Pacific Missile 

Range. 

3. Deployment to a NATO country of an IRBM weapon system. 

4. Commissioning of an ICBM weapon system. 


lo 


In the space-vehicle area, this has been a year of emphasis on 
planning and preparation for future programs. Current programs 
have moved ahead cautiously. 

Logistics for space transport and travel has become increasingly 
evident as a complex and pressing problem. Preflight logistic sup- 
port of launching rockets differs little whatever the cargo. We are, 
however, beginning to sense two challenging in-flight logistic 
problems: 


1. Maintenance and repair of functional satellites. Orbiting 
instruments will soon and continuously relay communications, 
supply navigational information, and survey the earth's 
weather. A rocketed service truck may well be required. 

2. The entry of Man himself into space brings on a host of logistic 
problems which are today the object of serious study and plan- 
ning in many organizations. Life (CONTINUED ON PAGE 164) 


ésstatic-test tower is being 
modified to accommodate the 1.5 
million-lb Saturn booster being de- 
veloped for ARPA. Saturn posi- 
tion will be on right side of con- 
crete tower. Jupiter is shown in 
test position on left side of tower 
here. 
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Magnetohyrodynamics 


By Milton U. Clauser 

DIRECTOR, PHYSICAL RESEARCH LABORATORY, 

SPACE TECHNOLOGY LABORATORIES, LOS ANGELES, CALIF. 
For the ARS Magnetohydrodynamics Committee 


HE RISING INTEREST in magnetohydrodynamics is best illus- 

trated by the rapidly increasing number of technical articles 
which are appearing. Bibliographies such as that compiled by Prof. 
Banks of Northwestern Univ. and Borman and Sherman of General 
Electric Co. show that up to 1953 about 10 papers were appearing 
each year. By now, the publication rate has increased nearly ten- 
fold. Also, the field has rapidly broadened, as illustrated by the 
profusion of names which are being proffered, such as hydromag- 
netics, magnetogasdynamics, plasma physics, fusion physics, ete. 

Historically, the field owes a great deal to the astrophysicists— 
such as Alfvén, Cowling, and Spitzer—who saw that an understand- 
ing of the interaction between electromagnetic fields and ionized 
gas particles would help explain the phenomena observed in our 
sun, other stars, and the galaxies. The field also owes a great deal to 
scientists such as Bennett, Langmuir, and Tonks, who studied elec- 
trical discharges in gases. As early as the 1930's these scientists 
foresaw that a magnetic field might confine a plasma. 

The possibility of using magnetohydrodynamics to control the 
thermonuclear reaction aroused considerable interest in the early 
1950's, not only in the U.S. but also in Great Britain and Russia. 
The U.S. program up to the Geneva meeting in September 1958 has 
been well described by Amas Bishop.!_ The technical problems were 
lucidly described by Post? in 1956. Up to that time, it is probably 
fair to say that the emphasis had been on building devices which it 
was hoped would be the forerunner of a prototype power-producing 
reactor. The instability problems which had been encountered had 
caused considerable concern, but were viewed as an obstacle which 
ingenuity would overcome. In fact, there was considerable opti- 
mism about the possibilities of obtaining a stable interface between 
the plasma and the magnetic field for devices like the pinch. 


All Devices Plagued with Same Disease 


At the Geneva conference,*® when essentially all the nations of the 
world disclosed the fusion research work they had been doing, it 
became apparent that all of the devices seemed to be plagued with 
the same kind of disease. The symptoms were that, during the early 
part of a confinement cycle, recordings of voltage, current, local 
magnetic field, and radiation could be duplicated from shot to shot. 
But at one point, which was between a microsecond and a millisecond 
for various devices and seemed to vary with initial plasma density 
and other parameters, the readings suddenly exhibited a different 
character. The signals were often full (CONTINUED ON PAGE 134) 
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Expansion into major space operations: Left, Wernher von Braun and Maj. Gen. John P. Medaris look over model of 
Saturn vehicle, with its 1.5-million-lb-thrust clustered-engine first stage, now under development; center, a Mercury 
capsule with a CTL ablating heat shield takes shape at McDonnell Aircraft; right, assembled second (liquid) and 
third (solid) stages of Thor-Able III indicate flexibility of state of the art. 
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Missile and space-vehicle design 


By Maxwell W. Hunter 


Asst. ENGINEER FOR SPACE SystEMS, DoucLas AircRAFT Co., SANTA Monica, CALir. 


For the ARS Missile and Space Vehicle Committee 


ae STATE OF THE ART in missile and space 

vehicle design has made spectacular advances 
since 1945. At the end of WW II, only a very few 
unmanned devices had been flown, and sophisti- 
cated guidance such as is required to intercept air- 
craft was virtually untried. The closest approach 
to a space vehicle was the German V-2 missile. 
This missile reached above the sensible atmosphere, 
but had a maximum speed of only 3500 fps. Al- 
though this was around five times faster than any 
manned aircraft had flown, it was only one-tenth 
the speed required for escape from the earth’s 
gravitational field. It did, of course, pioneer the 
large rocket propulsion systems necessary for space- 
flight. 

By Oct. 4, 1957, when Sputnik I was launched, 
many unmanned missiles of various categories had 
been flown in the U.S., and several had been suc- 
cessfully placed in operational use. Vast improve- 
ments in guidance techniques had been achieved, 
including solutions to the problems of aircraft inter- 
ception as well as surface bombardment. Even the 
problem of ballistic-missile interception was under 
vigorous pursuit. From the point of view of ad- 
vancing the space art, the most spectacular per- 


formers were the intermediate-range ballistic mis- 
siles, which had reached speeds of 15,000 fps, and 
certain test vehicle configurations which had ap- 
proached speeds of 20,000 fps. 

After Sputnik I was launched, the conversion of 
many of the military weapons into space-vehicle 
modes of operation, by utilizing additional stages 
and reducing payload weights, gave spectacular 
improvement in speeds and altitudes attained. 


Space Operations to Date 


Space-vehicle operations to date in this country 
include the following: Vanguard and modified 
Redstone missiles have reached orbital speeds with 
relatively small payloads. A Jupiter-boosted probe 
(NASA’s Pioneer IV of March 3, 1959) exceeded 
escape speed and passed close to the moon, and 
Thor-boosted probes reached an apogee of 80,000 
miles, placed a modest sized payload on a highly 
eccentric orbit, and placed several payloads on 
polar orbit. Also, an Atlas has boosted itself into 
orbit ( Atlas-Score ). 

Just as with all missile (CONTINUED ON PAGE 86) 
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Nuclear propulsion 


By Chiao J. Wang 

MANAGER, PROPULSION SYSTEMS DEVELOPMENT DEPT., 

SPACE TECHNOLOGY LABORATORIES, LOS ANGELES, CAL. 
For the ARS Nuclear Propulsion Committee 


HE YEAR 1958-1959 has witnessed steady prog- 

ress and significant accomplishments in the field of 
nuclear propulsion. For the first time in history, 
nuclear propulsion of flight vehicles has become a 
subject of open discussion. The ARS organized the 
first technical session on nuclear propulsion at its 
annual meeting in the fall of 1958. The session has 
since started a parade of similar unclassified dis- 
cussions sponsored by ARS and other technical 
societies. Various research and development pro- 
grams for propulsion reactors have been making 
gradual but sure progress. There now seems to be 
a greater awareness of the potentialities of nuclear 
energy for flight-vehicle propulsion. 


Rover Now in Fourth Year 


The nuclear-rocket program Rover is in its fourth 
year. Its purpose is to investigate and demonstrate 
the feasibility and practicality of nuclear-rocket 
propulsion. A major accomplishment of this year 
was the successful test of the first test reactor, 
Kiwi-A, at the Jackass Flats test site in Nevada. 
The test has confirmed important design concepts 


Astronautics / November 1959 


Successful testing of the Kiwi-A reactor confirmed 
important design concepts for rockets and gave valu- 
able data on starting transients, radiations, and other 
motor characteristics. 


and yielded valuable data on materials, controls, 
start transients, radiations, and other characteristics 
of the reactor. The success of this test is expected 
to contribute greatly to further progress of the 
program. 

It now appears possible to design a flyable reac- 
tor with greater confidence, but many questions 
remain to be answered. For example, what would 
be the performance capabilities of a nuclear-rocket 
vehicle? How would a nuclear vehicle compare 
with its chemical counterpart? It is obvious that 
in the general field of nuclear rockets and vehicles 
a lot of work remains to be done. 

The ramjet program Pluto is making progress in 
both the area of high-temperature nuclear reactors 
and ramjet engines. One of the most important 
steps is to actually design a reactor and test its 
characteristics. A facility is now under construc- 
tion in Nevada for the testing of an engineering test 
reactor. Another area of investigation is that of 
high-temperature ceramic materials. In order to 
perform high-temperature tests, a test oven has 
been built at the Nevada site. The performance 
capabilities of nuclear ramjets provide another sub- 
ject of investigation. Studies are now being ac- 
tively conducted to determine suitable vehicles for 
nuclear-ramjet engines. The ANP program, with 
the aim of developing turbojet nuclear reactors for 
aircraft propulsion, has also maintained a steady 
pace of development. 

There has been active work on new or advanced 
concepts of nuclear propulsion. Effects of dissocia- 
tion and recombination have been explored for 
high-temperature reactors. The present reactor 
design has a temperature limitation in the neighbor- 
hood of 5000 R. At this temperature, no appreciable 
dissociation of hydrogen takes place. If the reactor 
core temperature can be raised to above 7000 or 
8000 R, however, hydrogen will dissociate to an ap- 
preciable degree, and very significant improvement 
of rocket performance will result. It appears that 
temperatures on this order may be attainable. In 
addition, possibilities of heating the propellant to 
a temperature above the reactor-core temperature 
have also been examined. Proposals to achieve this 
high temperature range from mechanical devices 
to electromagnetic means. It appears that, in prin- 
ciple at least, this approach may lead to significant 
increase in specific impulse. 

Gaseous cavity reactors have received some at- 
tention in the form of basic research and open dis- 
cussions. Studies made (CONTINUED ON PAGE 136) 
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Shown here in an artist’s depiction, 
the giant NRL-designed 600 ft- 
diam-dish radio telescope, being 
built by the Navy to probe the 
universe to a distance of 38 billion 
light years (19 times the range of 
the Palomar telescope), reflects the 
opening up of the whole field of 
radio astronomy. 
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Physics of the atmosphere and space 


By Milton Greenberg 


PRESIDENT, GEOPHYSICS CORPORATION OF AMERICA, BOSTON, MASS. 


For the ARS Physics of the Atmosphere and Space Committee 


The last of the pioneering Vanguard series, Vanguard 
III, carrying a manometer and radiation experiments, 
symbolizes the great advances in near-space and upper- 
atmosphere studies made in the past year. 


HE PAST YEAR has been one of continued 

growth in new areas and more detailed analysis 
of the results in other areas of physics of the atmos- 
phere and space. This field, not strictly speaking 
an internally consistent one, is still in the process of 
growth and consolidation; its disciplinary aspects 
were drawn from the basic and applied sciences the 
past year. 

In asking what areas progressed the most during 
the year, one can look to the discovery and partial 
analysis of the Great Radiation Belts. Presently, 
the morphology and the dynamics of this particular 
area of space are undergoing considerable experi- 
mental and theoretical study. 

There have also been increased activities and very 
large programs started in radio and rocket astron- 
omy. Of particular note is the opening up of the 
whole field of radar astronomy. 

The entire problem of the effect of the traversal 
of objects through space and in near-space also re- 
ceived much attention, leading to considerable addi- 
tion of the literature on the (CONTINUED ON PAGE 101) 
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Power systems 


By A. M. Zarem 


PRESIDENT, ELECTRO-OPTICAL SYSTEMS, INC. 
PASADENA, CALIF. 


For the ARS Power Systems Committee 


PACE-VEHICLE power requirements seem to be 
following an almost exponential growth. While 
current probes require only 5 to 10 watts, space ve- 
hicles already planned for mid-1964 will require 
100 kw. These demands are for instrumentation and 
communications. The advent of electrical propul- 
sion would impose multimegawatt requirements. 
Power systems are presently available to satisfy 
missile requirements at power levels on the order 
of 1 to 50 kw for durations of 30 sec to 30 min. 
Missile systems use chemical fuels in electrochemi- 
cal batteries and turboalternator units. Silver-zinc 
batteries, for example, can provide as little as 12.5 
Ib/kwh; however, weight needed for automatic 
battery activation may double this figure. Current 
turbine-driven power systems consume monopro- 


pellant fuel at a rate of about 8.5 lb/kwh, to which 
must be added the weight of the fuel tank, rotating 
machinery, etc. 

Because of their low fixed weight and relatively 
high conversion efficiency, chemical systems will 
continue to provide weight advantages in orbital 
and space vehicles for low-energy applications. 
At high power levels and/or long durations, how- 
ever, chemical fuel weight becomes prohibitively 
large, and systems based on solar or nuclear energy 
sources must be used. These systems are generally 
characterized by a high fixed weight and are rated 
by a specific weight figure (lb/kw). 

A wide variety of systems appear suitable for 
space application. The energy converters and proc- 
esses which may be used in converting from solar, 
nuclear, and chemical to electrical energy are shown 
in flow-chart form below. Several programs are cur- 
rently developing hardware based on nuclear and 
solar energy sources in the 100 watt to i0 kw power 
level region for use in the early 1960's. The rela- 
tive advantages of each system in terms of weight 
and other factors will depend on the success of 
these developments. Systems being actively devel- 
oped include the following: 

Fuel Cell. The fuel cell is basically an electro- 
chemical battery in which the chemical reactants 
are continually fed into and withdrawn from the 
cell. In this manner, high-energy reactants such 
as hydrogen and oxygen can be used; 8 Ib/kwh, for 
example, appears possible (CONTINUED ON PAGE 89) 
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Liquid hydrogen rocket technology has reached the level of everyday practice at Pratt & Whitney’s Florida develop- 


ment center, where the 15,000-lb-thrust XLR-115 engine (nozzle, left) for the Centaur rocket is well into the development 


cycle on stands like the one at right. Four stands like this at the Florida center rate 300,000-lb thrust. 


hausts into partial vacuum in large tubes projecting horizontally from the right of the stand. 
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Propellants and combustion 


By John L. Sloop 


CHIEF, ROCKET ENGINES BRANCH, NASA LEWIS RESEARCH CENTER, CLEVELAND, OHIO 


For the ARS Propellants and Combustion Committee 


HE PAST YEAR in propellants saw a consolida- 

tion of trends developing over the past several 
years. The big boosters (often referred to as 
trucks ) for military and space experiment roles use 
oxygen and kerosene, and so will the 1.5-million- 
pound-thrust booster now under development for 
NASA. Interest continues, however, on storable 
combinations that do not require refrigeration. And 
work on solid propellants is expanding, with great 
expectations of achieving simplicity and readiness 
with large grains in such missiles as Polaris and 
Minuteman. 

The year marked great activity on the high-energy 
propellants, both solid and liquid. Some activ- 
ities must remain unnamed in the interests of secur- 
itv. To me the highlight of the year in propellants 
was the selection of high-energy liquid propellants— 
hydrogen and oxygen—for an upper-stage vehicle. 
The Centaur engine (Pratt & Whitney) and vehicle 
(Convair-Astronautics ), which could scarcely be 
mentioned a year ago, is rapidly taking shape and 
will use liquid hydrogen and oxygen. 

This combination, well known to rocket men for 
many years, was worked on a decade ago by Ohio 
State Univ., Aerojet-General, the Jet Propulsion 


Laboratory, and others. I remember a high-level 
meeting of rocket men from across the country al- 
most a decade ago when several of us urged work 
on a vehicle using hydrogen as a fuel. The advan- 
tage of its high specific impulse was unquestioned, 
and we argued that many of the problems regarding 
its low density and temperature could not be met 
and resolved until an attempt was made to use it in 
a vehicle. It is known, for example, how to make 
light tanks; but a big unknown is how well we can 
control the storage of hydrogen and other cryo- 
genics in space for a considerable period of time 
and still get reliable propulsion after long hours of 
engine inactivity. 


Approaching Operational Status 


There are, of course, many other problems, but 
the rapid pace of cryogenic technology, told by our 
journals and our conferences, indicate that liquid 
hydrogen is approaching operational status in space- 
flight applications. 

For example, see the survey. article by Robert 
Jacobs in the April 1959 (CONTINUED ON PAGE 74) 
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Ramjets 


By the Astronautics Staff 
FOR THE ARS RAMJETS COMMITTEE 


+ pete OLD RAMJET STORY, the quarter century which brought 

the flying stovepipe limited recognition in the form of Mach 2 to 
3 interceptor missiles, namely Bomare and Talos, has ended for all 
but the most practical purposes. The reader will find this story and 
its precedent history in W. H. Avery’s very fine article in the Novem- 
ber 1955 Jet Propulsion entitled “Twenty-Five Years of Ramjet 
Development.” 

The Special Ramjet Section of the April 1959 Astronautics sur- 
veys ramjet trends and development. The status of ramjet theory 
and development has not changed appreciably in the past year or 
more, and the concluding statements of Gordon Dugger’s “A Future 
for Hypersonic Ramjets” from that issue may be taken to summarize 
prospects for ramjets, and suggest the probable course of develop- 
ments in the classified area: 

“Among air-breathing propulsion systems, the ramjet is the only 
engine which will be practical beyond Mach 4. 

“The current generation of ramjet engines has an order-of-magni- 
tude advantage in fuel economy over current rocket engines, and 
the ramjet will retain its superiority well into the hypersonic regime. 


The promise of Navaho (shown on 
Thor booster), which broke the 
ice for large ramjets, remains to 


be fulfilled. 


“For flight within the earth’s atmosphere, a ramjet-powered vehicle 
will have a tremendous advantage in weight, range, or payload over 


a rocket-powered vehicle. 


“It appears that ramjet-powered flight will be feasible at speeds 
approaching (and possibly exceeding) Mach 10. 


discussed here ). 


in economy and reliability.” 


“It can be demonstrated that there are many valid reasons why a 
terrestrial or surface-to-surface vehicle should remain within the 
atmosphere (though most of the military implications cannot be 


“For putting a series of large payloads into space, a recoverable, 
maneuverable air-breathing launcher would have unique advantages 


Conventional Ramjet Still Most Practical 


“OF the ramjet modifications discussed, the conventional ramjet 
(or some slight variation of the configuration presented for it) ap- 
pears more likely to find application than either the supersonic com- 
bustion or standing-wave type, mainly because of the difficulty of 
fuel injection and mixing in shock-free supersonic flow. 

“Though much R&D work is still needed, particularly in such 
areas as hypersonic inlets, materials, and cooling techniques, and 
real-gas kinetics (the recombination problem), Mach 7 to 10 engines 


should be a reality by about 1965, and Mach 7 transports could be 


flying by 1970.” 


The significant applications inherent in (CONTINUED ON PAGE 171) 
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Solid rockets 


By Ivan E. Tuhy 
HEAD, ROCKET PROPULSION STAFF, 
MARTIN CO., BALTIMORE, MD. 
For the ARS Solid Rockets Committee 


HE PAST YEAR has found the solid rocket in- 

dustry hard at work in the research and develop- 
ment of larger rocket motors, higher specific impulse 
propellants, propellants with better physical proper- 
ties, high mass (propellant) fractions, methods for 
vector control, and total impulse control (thrust 
termination). There have been significant accom- 
plishments in most of these endeavors. With the 
appropriation of more funds for the research and 
development of solid rockets, these accomplish- 
ments were inevitable. If such funds had been di- 
rected toward solids many years ago, we would 
doubtless be farther along the road with larger, 
more efficient, and better fueled rockets now. 

Let us look at some of the progress so far. 

ARPA is spending more than $15 million on pro- 
pellant study with 54 contracts in the following 
seven research areas: 

1. Integrated program concept, which in- 


The formidable maw of this coun- 
trys largest propellant mixer, a 
350-gal steel-bladed giant at Grand 
Central Rocket Co., symbolizes the 
advance of solid rocketry to very 
large sizes and toward continuous 
mixing and pouring operations. 


cludes chemical studies aimed at the synthesis 
of new ingredients or chemicals which can be 
formulated, processed, cast, and cured, and 
otherwise satisfy the required physical and bal- 
listic properties. 

2. Behavior of propellants when subjected to 
temperatures during cure. 

3. Synthesis of new oxidizers, light-metal 
fuels, and chemical techniques. 

4. Propellant research utilizing new ingredi- 
ents. 

5. Inert parts study for propellants with flame 
temperatures in excess of 5000 F; present pro- 
pellants reach 6000 F. 

6. Nondestructive testing techniques. 

7. Basic research on combustion phenomena. 

During the past year, the rocket industry has been 
deeply engrossed in the development of propellants 
with specific impulse significantly higher than cur- 
rently available. Most of this work has been theo- 
retical, but indications are that significant improve- 
ments are possible in practice. ARPA hopes to have 
a propellant with a specific impulse of 280 to 300 sec 
in five years, and is sponsoring research and devel- 
opment programs throughout the chemical and 
rocket industry to achieve this end. This increase 
will add up to 30 per cent gain in the payload ca- 
pacity for a given vehicle. In anticipation of such 
a specific impulse, efforts are being made to make 
the chemicals available in a desensitized state (pos- 
sible encapsulation), to evaluate experimentally 


processing attributes, and to determine the physical 
and mechanical properties which will offer the ad- 
vantages of economy, sim- (CONTINUED ON PAGE 146) 
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Space law 
and sociology 


By Andrew G. Haley 
HALEY, WOLLENBERG, AND KENEHAN, WASHINGTON, D.C. 


For the ARS Space Law and Sociology Comm. 


S THIS is the initial annual report on develop- 

ments in the social sciences relating to astro- 
nautics—including space law and sociology—a few 
introductory words are necessary. Fortunately, 
from its very inception, ARS has recognized the 
study and application of the social sciences as a 
Society objective. Over the years, persons primar- 
ily interested in the social sciences have been 
elected to the office of president of the Society, and 
these have included an expert in public psychology, 
a medical doctor, and a lawyer. 

The position of the social sciences was clarified 
during the presidency of Richard W. Porter, when 
the objectives of the Society were restated. Specific 
recognition of the social sciences also was afforded 
by ARS in the creation in 1952 of the Ad Hoc Space 
Flight Committee and in the inclusion in many pro- 
grams since that date of papers on all aspects of the 
social sciences. We now have the social sciences 
further recognized by the creation in 1958 of the 
large and active ARS Technical Committee on 
Space Law and Sociology. 

The considered decisions of ARS have been par- 
alleled by other astronautical societies throughout 
the world. Even the Academies of Sciences of East- 
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Andrew G. Haley (second from 
left), ARS-IAF representative to 
the ITU Radio Conference at 
Geneva, Switzerland, which is 
dealing with allocations of radio 
frequencies for astronautical pur- 
poses, poses with members of the 
Russian delegation to the meeting. 
Left to right, L. Kopitine, N. Kras- 
noselsky, A. Badalov (chairman of 
the delegation), and B. Elkina. 


ern European nations include the social scientists 
among their leading members. For example, law- 
yers form a prominent segment of the Academy of 
Sciences of Czechoslovakia, while the British Inter- 
planetary Society has devoted much of its publica- 
tion space and public lectures to the social sciences. 
As a result of this basic framework, the International 
Astronautical Federation likewise has given funda- 
mental recognition to the social sciences and in par- 
ticular to jurisprudence. 

In reviewing the developments of the past year, 
it is appropriate to begin with the First Colloquium 
on the Law of Outer Space held at The Hague on 
August 29, 1958. The Proceedings of that Collo- 
quium have been published (Springer-Verlag, 
Vienna, 127 pp.). At this Colloquium, an integral 
part of the Ninth IAF Congress, speakers from a 
score of nations discussed questions concerning al- 
location of space frequencies; avoidance of inter- 
ference between space vehicles and aircraft; ques- 
tions of freedom of outer space for exploration and 
use; liability for injury or damage caused by space 
vehicles; questions concerning re-entry and landing 
of space vehicles; and questions concerning the 
determination of sovereignty in outer space and 
specifically the jurisdictional point where outer 
space begins. The Hague Colloquium anticipated 
by many months all the points made in the Report 
of the Legal Committee of the UN Ad Hoc Com- 
mittee on the Peaceful Uses of Outer Space. 


Conference Had Striking Results 


The next important development was the ARS 
Space Law and Sociology Committee Conference 
held on March 20, 1959, in New York City. This 
meeting had three striking and surprising results. 

First, an officially designated Subcommittee of the 
House Committee on Science and Astronautics at- 
tended in a body. The (CONTINUED ON PAGE 142) 
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Structures 
and materials 


By George Gerard 
ASSOCIATE DIRECTOR OF RESEARCH, COLLEGE OF 
ENGINEERING, NEW YORK UNIV., NEW YORK, N.Y. 


For the ARS Structures and Materials Comm. 


S A BALANCE to the current emphasis on mis- 
siles and space vehicles, the completion and 
maiden powered flight of the X-15 mark events 
of major importance. Not only does powered flight 
of the X-15 constitute a significant forward step in 
the evolution of manned systems, but it also por- 
tends a virtual revolution in the design and fabrica- 
tion of hypersonic structures. 

Further significant developments in this area have 
come from the DynaSoar program. Recently com- 
pleted studies have led to a much greater under- 
standing and appreciation of crucial design-struc- 
tures-materials interactions involved in this ad- 
vanced hypersonic concept. The current solutions 
for some of the intense aerodynamic-heating prob- 
lems encountered in this program are pushing for- 
ward the frontier of materials technology. Indeed, 
some very significant composite structural-material 
developments are evolving from this program. 

In the missile field, the success of the pressure- 
stabilized shells employed in Atlas has demonstrated 
the reliability of this new structural concept. The 
emergence of this approach on a production basis 
has provided missile and space-vehicle designers 
with a competitor for the more familiar stiffened- 
shell configurations. 

Recognition that composite  structure-material 
systems hold great promise for re-entry vehicles is 
emerging from the success obtained with ablation- 
type nose cones. It is now apparent that here are 
a broad range of thermal protection systems which 
have potential application within the wide spectrum 
of thermal conditions associated with ballistic, or- 
bital, and glide re-entry. 

Thermal protection systems that are based upon 
absorptive principles are generally time limited, but 
not necessarily heat-flux limited. Consequently, 
they are particularly attractive for extreme thermal 
environments of short duration associated with bal- 
listie and orbital re-entry. Because absorptive sys- 
tems are inherently time limited, however, glide re- 


Battelle Memorial Institute photo of uncoated (left) 
and siliconized molybdenum wire at 3000 F in air 
dramatizes progress made in protective coatings for 


this Space-Age metal. 


entry solutions generally employ radiative principles 
which are inherently heat-flux but not time limited. 

Both the radiative thermal protection system and 
the “hot” structures approach depend to a large 
measure upon the development of relatively thin 
gauge sheets of refractory metals or ceramics. The 
current research and development efforts on these 
materials are essentially in response to this require- 
ment. 


Progress Made on Molybdenum Coatings 


The use of molybdenum-, columbium-, or tung- 
sten-base alloys requires the successful develop- 
ment of oxidation-resistant coatings, with particular 
emphasis on their application to cornplete struc- 
tures. Significant progress has been made in the de- 
velopment of such coatings for molybdenum, as can 
be inferred from the photo on this page. 

The development of high-strength precipitation- 
hardening stainless steels with satisfactory welda- 
bility and brazability has resulted in the selection of 
this material for the Mach 3 generation of manned 
aircraft currently being (CONTINUED ON PAGE 158) 
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Launching-silo test facility under 
construction for the solid-propellant 
Minuteman missile at Edwards 
AFB. 


Test facilities and support equipment 


By Richard A. Schmidt 


TECHNICAL ASSISTANT TO THE DIRECTOR, DIRECTORATE OF ROCKET PROPULSION AND MISSILES, 


AIR FORCE FLIGHT TEST CENTER, EDWARDS AFB, CALIF, 


For the ARS Test Facilities and Support Equipment Committee 


LIGHT-TEST and static-test facilities for space 

vehicles and ballistic missiles have been devel- 
oped into efficient operating systems. Test-facility 
operation has seldom been responsible for test fail- 
ures or delays to individual tests. However, there 
is still a need for new facilities to advance the state 
of the art of vehicles and propulsion systems. 

Today, the missile ranges have a firing schedule 
which is several times the firing rate of a year ago. 
Static-firing tests of propulsion systems have also 
increased appreciably. These static development 
tests are now approaching one firing per shift per 
day on the largest liquid rocket engines under 
development. The thrust capacity of facilities under 
design has gone from 500,000 Ib a few years ago 
to over 5,000,000 Ib today. Along with this increase 
in thrust, the size of rocket propulsion systems 
under design has gone from a height of less than 
100 ft to a height of over 300 ft with corresponding 
difficulty in handling equipment and _ accessories. 
Additional complexity is involved because of the 
increased number of stages, the move to more 
exotic propellants, and the incorporation of man in 
the vehicle. Fortunately, while the number of 
channels for control and data recording has  in- 
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creased proportionately, the equipment has been 
improved so that the testing can be accommodated 
with a reasonable size of control station. 

Several new kinds of facilities have been acti- 
vated. Nuclear-rocket tests have been conducted. 


The radiation associated (CONTINUED ON PAGE 169) 


Control console for rapid servicing of propellants into 
the Atlas missile. 
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Underwater propulsion 


By George F. Wislicenus 


DIRECTOR, GARFIELD THOMAS WATER TUNNEL, AND PROFESSOR OF AERONAUTICAL ENGINEERING, 


PENNSYLVANIA STATE UNIV., UNIVERSITY PARK, PA. 
For the ARS Underwater Propulsion Committee 


HE PREVAILING method of driving submerged 

bodies uses conventional marine propellers, an 
art over a hundred years old. Jules Verne’s Nauti- 
lus, a sleek steel body of revolution, was driven by a 
single propeller to the maximum speed of 50 knots. 

The major achievement of our day, which focuses 
attention on problems of underwater propulsion, is 
obviously the successful development of a nuclear 
powerplant for submarines. Its present status was 
described recently by Admiral Rickover and _ his 
staff... It was natural to employ conventional marine 
propellers for this first application of a new source 
of power. In light of this development, the propul- 
sion of submerged bodies rests today firmly on the 
highly developed art of marine propeller design, well 
described in the existing literature.* * 


Nuclear Power Revolutionizing Field 


There can be no doubt that nuclear power, so 
uniquely suited for underwater propulsion, is revolu- 
tionizing this field not only in direct connection with 
this power source but also in adjacent fields, such 
as underwater weapons (i.e., small submerged 
bodies ) and underwater transport, which may well 
lead to the use of very large submerged bodies. On 
the basis of similarity considerations, such as sug- 
gested by references 4 and 5, it would not be sur- 
prising if large submerged bodies were found to 
constitute potentially the most economical form of 
overseas transport for certain bulk goods at reason- 
ably high speeds. This expectation is based in part 
on the fact that the ocean, even at moderate depths, 
constitutes hydrodynamically a very quiet medium 
which may permit the use of extremely simple and 
inexpensive hull structures. 

While propulsion by means of conventional pro- 
pellers is well covered by the Society of Naval Ar- 
chitects and Marine Engineers, the AMERICAN 
Rocket Soctety may be expected to focus its atten- 
tion on various forms of jet propulsion applicable to 


the underwater field. Although underwater jet pro- 
pulsion has not yet found general acceptance, it 
would not be surprising if the availability of new 
power sources such as nuclear power would force the 
engineers to consider this type of thrust producer in 
addition to the conventional propeller. 

There are three reasons why jet propulsion may 
take the place of conventional marine propellers: 

With respect to the velocity of flow, the hydro- 
dynamic limit corresponding to the old “acoustic 
barrier” of aeronautics is cavitation, i.e., the vapor- 
ization of liquid due to local reductions in pressure. 
It is possible to overcome the cavitation limits of 
marine propellers by some form of hydraulic jet 
propulsion, essentially as Mach number limits of 
aircraft propellers can be avoided by the use of 
turbojet or rocket engines. 

The second reason is related to machinery weight. 
It should be remembered that the Mach number 
limit of propellers is only one of the reasons for us- 
ing jet propulsion with aircraft. The other reason is 
the weight of conventional powerplants and pro- 
pellers, which would be prohibitive if used to propel 
aircraft at speeds over, say, 500 mph. There is good 
reason to expect that the same considerations of 
machinery weight will lead to the adoption of jet 
propulsion in the underwater field for high travel 
speeds. 


Drag-to-Weight Ratio Important 


The likelihood of such a development can be 
judged from the ratio of the drag to the weight of 
the propelled body. In water the drag of relatively 
small bodies approaches or exceeds the weight of a 
buoyant body at more or less conventional speeds 
of travel. 
able drag-to-weight ratios, but even then this ratio 
is often comparable to the drag-to-lift ratios in the 
supersonic regime of aerial flight. Thus, the ma- 
chinery-weight problems of (CONTINUED ON PAGE 154) 


Large buoyant bodies have more favor- 
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By Rod Hohl 


HE RAPID GROWTH of the AMericAN ROCKET 
Society will be dramatically demonstrated at this 

years Annual Meeting when an expected 7000 per- 
sons, more than the entire membership of the So- 
ciety as recently as two years ago, gather for the 
largest meeting ARS has held in its 29-year history. 

The meeting, to be held in the Sheraton-Park 
Hotel in Washington, D.C., Nov. 15-19, will include 
more than twice as many unclassified sessions as 
last year’s 11, with more than 100 technical papers 
scheduled for presentation. This will require for 
the first time quadruple unclassified sessions on two 
days in addition to an evening session on Monday, 
Nov. 16, and the National Capital Section’s session 
the following night. 

In addition to the outstanding technical program 
(see page 54), such speakers as George Sutton, 
chief scientist of ARPA and former ARS president; 
William Pickering, director of the Jet Propulsion 
Laboratory of the California Institute of Tech- 
nology; and Brig. Gen. Homer A. Boushey, Director 
of Advanced Technology, Deputy Chief of Staff for 
Development, Hq., USAF, will address luncheons 
during the meeting. 

Also outside the technical program, the ARS 
annual business meeting will be held Monday after- 
noon. At this time, the membership will be given 
a report on the year’s progress and will elect new 
officers for the coming year. The Section Dele- 
gates Conference to be held the morning of the 
same day will give representatives of all 51 ARS 
Sections a chance to let down their hair with 
officers and staff members, get their complaints 
aired and any questions they may have, answered. 

Highlight of the meeting will come Wednesday 
evening at the annual ARS Honors Night Dinner, to 
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Washington welcomes ARS 


Attendance of 7000 expected at Annual Meeting in the nation’s 
capital Nov. 15-19 . . . McCone, Sutton, Pickering, Schriever to 
address the largest meeting in the Society's 29-year history 


MEETINGS MANAGER, AMERICAN ROCKET SOCIETY 


be preceded by a reception under the sponsorship 
of Aerojet-General Corp. for all banquet guests. 
Speaker at the dinner will be John A. McCone, 
chairman of the Atomic Energy Commission, who 
will talk on “The Influence of Nuclear Technology 
on Rockets and Space.” 

Following its tradition, the Society will honor 
five individuals for their outstanding contributions 
to missile and spaceflight development with its an- 
nual awards. Completing a year in which great 
strides were made, this year’s selection of award 
winners is particularly significant. For outstanding 
work in liquid rockets, Samuel K. Hoffman, vice- 
president and general manager of Rocketdyne, and 
an ARS board member, was selected to receive the 
Robert H. Goddard Memorial Award. The C. N. 
Hickman award for outstanding work in solid 
rockets will go to Dr. Ernest Roberts, manager of 
research for Aerojet-General’s Solid Rocket Plant. 


Other Award Winners 


Professor Ali Bulent Cambel, chairman of the 
Mechanical Engineering Dept. of Northwestern 
Univ., was chosen to receive the G. Edward Pend- 
ray Award for outstanding contribution to rocket 
and astronautical literature. The ARS Astronautics 
Award will be presented to Dr. Walter Dornberger, 
vice-president—engineering of Bell Aircraft Corpora- 
tion, for outstanding contribution to the advance- 
ment of spaceflight. The James H. Wyld Memorial 
Award for outstanding application of rocket power 
will go to Karel J. Bossart, assistant to the vice- 
president-engineering at Convair. 
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In addition, two ARS student awards of $1000 
each for the outstanding papers on astronautics or 
a related subject in student competition, will be 
awarded by Chrysler Corp. to the best undergradu- 
ate entrant and by Thiokol Chemical Corp. to the 
best graduate entrant. 

Reflecting the rapidly expanding field of astro- 
nautics, ARS will award a record 21 Fellow Mem- 
berships, an honor bestowed upon selected persons 
who have distinguished themselves in the field of 
rocketry or spaceflight or who have contributed 
outstanding service to the Society. These member- 
ships will go to Kurt Stehling of National Aeronau- 
tics and Space Administration, Raemer Schreiber of 
Los Alamos Scientific Laboratory, Milton Rosen of 
National Aeronautics and Space Administration, 
Eberhard F. M. Rees of Army Ballistic Missile 
Agency, Walter T. Olson of NASA’s Lewis Research 
Center, Lester Lees of California Institute of Tech- 
nology, Kurt H. Debus of Army Ballistic Missile 
Agency, John I. Shafer of Jet Propulsion Laboratory, 
William Avery of Johns Hopkins Univ., Maj. Gen. 
L. I. Davis, assistant deputy chief of staff, develop- 
ment, USAF, and Thomas F. Morrow of Chrysler 
Corp. 

Additional Fellow Memberships will be awarded 
to Homer J. Stewart of National Aeronautics and 
Space Administration, James Van Allen of State 


Univ. of Iowa, William G. Purdy of The Martin 
Company, T. Keith Glennan of National Aeronau- 
tics and Space Administration, Richard D. Geckler 
of Aerojet-General Corp., Adolph L. Antonio of 
General Tire & Rubber Co., David A. Young of 
Aerojet-General Corp., Kurt Berman of General 
Electric Co., Robert M. Lawrence of Thiokol Chem- 
ical Corp. and ARS treasurer, and James J. Harford, 
ARS executive secretary. 


Astronautical Exposition Set 


The meeting will also feature an Astronautical 
Exposition (see page 55), to be held in the Exhibit 
Hall of the hotel and an auxiliary area on the lobby 
floor covering a combined area of 14,000 sq ft. 
Some 70 exhibits from the nation’s foremost missile 
and spaceflight equipment manufacturers will be 
displayed, illustrating much of the progress made in 
the field in the past year. 

Other meeting highlights include a Student Con- 
ference, to be held on Thursday morning, and 
another in the popular series of ARS Marketing 
Symposiums, scheduled for Tuesday afternoon. 

The complete program for the meeting will be 
found on the following pages. 


Aerial view of Washington’s Sheraton-Park Hotel, scene of the ARS 14th Annual Meeting and Astronautical Exposi- 


tion Nov. 15-19. 
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Annual Meeting Program 


Sunday, November 15 


MIXER 


5:00 7:00 p.m. Sheraton Hall 


Monday, November 16 
GUIDANCE 
Sheraton Hall South 


Chairman: Newell D. Sanders, National 
Aeronautics and Space Administration, 
Washington, D.C. 

Vice-Chairman: Peter) Castruccio, West- 
inghouse Air Arm Div., Baltimore, Md. 
#An Orbiting Astronomical Telescope De- 
sign Study, I. A. Schroader and J. G. 
Chubbuck, Applied) Physies Laboratory, 
The Johns Hopkins Univ., Silver Spring, 

Md. (912-59) 

¢Investigation of Possible Satellite Posi- 
tion-Sensing Methods, Rudy R. Mueller, 
Autonetics Div., North American Avi- 
ation, Downey, Calif. (913-59) 

@Guidance Requirements for Mars and 
Venus Probes, I’. H. Kierstead, Goodyear 
Aireraft Corp., Akron Ohio. (914-59) 

#The Rotating Pendulum Accelerometer, 
Samuel Schalkowsky and Henry F. 
Blazek, Ford Instrument (Co., Long 
Island City, N.Y. (915-59) 


9:00 a.m. 


PHYSICS OF THE ATMOSPHERE AND 
SPACE 


9:00 a.m. Continental Room 


Chairman: Homer Newell, National Aero- 
nautics and Space Administration, Wash- 
ington, D.C. 

Vice-Chairman: S. Fred Singer, Univ. of 
Maryland, College Park, Md. 


(Program to be announced) 


GAS WAVE PHENOMENA 


9:00 a.m. Burgundy Room 


Chairman: A. K. Oppenheim, Univ. of 
California, Berkeley, Calif. 

Vice-Chairman: B. Gammon, National 
Aeronautics and Space Administration, 
Washington, D.C. 

Theory of Structure of Gaseous Detona- 
tion, Joseph O. Hirschfelder and Charles F. 
Curtiss, Univ. of Wisconsin, Madison, 
Wis. (921-59) 

Theoretical Analysis and Experimental 
Measurements of Detonation Induction 


Distances at Atmospheric and Elevated 
Initial Pressures, Loren Bollinger, 
Michael C. Fong, and Rudolph Edse, The 
Ohio State Univ., Columbus, Ohio. 
(922-59) 

+ Methods of Predicting Composition Limits 
for Detonation of Hydrogen-Oxygen- 
Diluent Mixtures, R. W. Patch, United 
Aireraft) Corp., East Hartford, Conn. 
(935-59 ) 

#Simultaneous Measurements of Conduc- 
tivity and of OH Radiation in 
Detonation Waves, F. Jaarsma and A. FE. 
Fuhs, Northwestern Univ., Evanston, II. 
(923-59) 

The Effect of Flame Configuration on 
Combustor Performance, C. C. Miesse, 
Armour Research Foundation, Chicago, 
Ill. (924-59) 


SECTION DELEGATES CONFERENCE 


10:00 a.m. Caribar Room 


Chairman: Wernher von Braun, Chairman, 
ARS Membership Committee. 

Vice-Chairman: J. Preston Layton, Vice- 
Chairman, ARS Membership Committee. 


LUNCHEON 
12:30 p.m. Sheraton Hall North 


Toastmaster: William H. Roennau, Acting 
President, ARS National Capital Section. 

Speaker: George P. Sutton, Chief Scientist 
Advanced Research Projects Agency, 
Washington, D.C. 


ION PROPULSION 
2:30 p.m. Sheraton Hall South 


Chairman: Robert H. Fox, Univ. of Cali- 
fornia Lawrence Radiation Laboratory, 
Livermore, Calif. 

Vice-Chairman: Robertson Youngquist, Ad- 
vanced Research Projects Ageney, Wash- 
ington, D.C. 

Experimental Studies with Small Seale 
Ion Motors, R. C. Speiser, C. R. Dulgeroff, 
and A. T. Forrester, Rocketdyne, North 
American Aviation, Canoga Park, Calif. 
(926-59) 

Physics of the Ion Thrust System, Ray- 
mond Fox, Univ. of California Lawrence 
Radiation Laboratory, Livermore, Calif. 
(927-59) 

¢4lon Propulsion Systems: [experimental 
Studies, Sam Naiditch, R. M. Worlock, 
D. Zucearo, D. Barker, M. P. Ernstene, 
L. Ro Gallagher, and J. Mullins, Electro- 


LUNCHEON SPEAKERS 


Brig. Gen. H. A. Boushey 
AF Adv. Tech. Chief 


54 Astronautics / November 1959 


George P. Sutton 
ARPA Chief Scientist 


W. H. Pickering 
JPL Director 


BANQUET SPEAKER 


John A. McCone 
AEC Chairman 


Optical Systems, Inc., Pasadena, Calif. 
(928-59) 

Thrust Multiplications by Successive 
Acceleration in Electrostatic Ion Propul- 
sion Systems, David B. Langmuir and 
B. R. Cooper, Thompson Ramo Wool- 
dridge, Inc., Los Angeles, Calif. (929-59) 


BIO-INSTRUMENTATION IN_ SPACE 
RESEARCH VEHICLES 


2:30 p.m. Continental Room 


Chairman: Brig. Gen. Don D. Flickinger, 
Headquarters, Air Research & Develop- 
ment Command, Andrews AFB, Md. 

Vice-Chairman: Eugene Konecci, Douglas 
Aircraft Co., Santa Monica, Calif. 

Objectives of Bio-Instruments, Al Heather- 
ington, Headquarters, Air Research & 
Development Command, Andrews AFB, 
Md. (930-59) 

Viability Indicators, Bob Clark, School of 
Aviation Medicine, Randolph Field, Texas. 
(931-59) 

Reliability of Bio-Packs Test Instrumenta- 
tions, Lt. Bruce Pine, Air Force Ballistic 
Missile Div., Inglewood, Calif. (932-59) 

Instrumentation of Nervous Systems for 
Study of Behavior, Ross Adey, Univ. of 
California Medical Center, Los Angeles. 
(933-59) 

Requirements for Improved Bio- 
Instrumentation Techniques. Panel Dis- 
cussion with above authors. 


PROPELLANTS 


2:30 p.m. 

Chairman: Jerry Grey, Princeton Univ., 
Princeton, N.J. 

Vice-Chairman: Arthur A. Kovitz, North- 
western Univ., Evanston, Il. 


AND COMBUSTION 
Burgundy Room 


The Stability of Laminar Flames, Russell 
I. Petersen, Univ. of Kansas, Lawrence, 
Kan., and Howard W. Emmons, Harvard 
Univ., Cambridge, Mass. (936-59) 

+#An Experimental Method of Measuring 
Intensity of Turbulence in Rocket 
Chamber, Martin Hersch, Lewis Research 
Center, National Aeronautics and Space 
Administration, Cleveland, Ohio. (937-59 

Metal Combustion Processes, Irvin Glass- 
man, Princeton, Univ., Princeton, N.J. 
(938-59) 

+Liquid Ozone as a Rocket Propellant, 
J. Preston Layton, Princeton, Univ. 
Princeton, N.J. (939-59) 


ANNUAL ARS BUSINESS MEETING 


4:00 p.m. Caribar Room 
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ARS AWARD 
WINNERS 


S. K. Hoffman 
Goddard Award 


Karel J. Bossart 
Wyld Award 


MAN IN SPACE—DESIGN WORK TO 
DATE (Seminar) 


8:00 p.m. Sheraton Hall South 


Chairman: Lt. Col. Stanley White, Langley 
Research Center, Hampton, Va. 

Vice-Chairman: William Turner, Wright 
Air Development Center, Wright-Patter- 
son AFB, Ohio. 

¢Should the Experiment Use Man as a Part 
of the Machine From the Start? Lt. Col. 
Stanley White, Langley Research Center, 
Hampton, Va., and William Turner, 
Wright Air Development Center, Wright- 
Patterson AFB, Ohio. 

Measurement of Man’s Performance in 
Space Vehicles from the Physical and Men- 
tal Approach, Richard Lawton, Missile 
and Space Vehicle Dept., General Electric 
Co., Philadelphia, Pa. 

@Man’s Integration into the Machine as a 
Monitor and Primary Controller of the 
Vehicle, Fred A. Payne, North American 
Aviation, I] Segundo, Calif. 

# Decisions Which Have Resulted in Man’s 
Integration into Project Mercury Capsules 
(Author to be announced), McDonnell 
Aircraft Co., St. Louis, Mo. 


Tuesday, November 17 


SAFETY AND RELIABILITY OF LIQUID 
ROCKETS 


9:00 a.m. Sheraton Hall South 


Chairman: Albert G. Thatcher, Reaction 
Motors Div., Thiokol Chemical Corp., 
Denville, N. J. 

Vice-Chairman: Charles Mraz, 
General Corp., Washington, D.C. 

#Propulsion Aspects of the Piloted Space 
Flight Safety Problem, James M. Mad- 
den, Aerojet-General Corp., Azusa, Calif. 
(950-59) 

+valuating Crew Safety for Rocket-Pow- 
ered Manned Space Vehicles, W. L. Had- 


Aerojet- 
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E. R. Roberts 
Hickman Award 


| 


Walter Dornberger 
Astronautics Award 


Ali B. Cambel 
Pendray Award 


ley, Bell Aircraft Co., Buffalo, N.Y. 
59) 

Performance and Reliability of Attitude 
Control Rocket Systems, O. S. Williams, 
feaction Motors, Div., Thiokol Chemical 
Corp., Denville, N. J. (952-59) 

+l-ffects of Manned-Payloads on Booster 
Engine Requirements in Regard to Safety 
and Reliability, C. S. Kaplan, and J. P. 
Hynds, Rocketdyne, North American 
Aviation, Inec., Canoga Park, Calif. (953- 
59) 


(951- 


ASTRODYNAMICS 


9:00 a.m. Continental Room 


Chairman: Samuel Herrick, Aeronutronic, 
A Div. of Ford Motor Co., Newport 
Beach, Calif. 

Vice-Chairman: Simone  Gossner, 
Observatory, Washington, D. C. 

Researches in Interplanetary Transfer, 
John V. Breakwell, Rollin W. Gillespie, 
and Stanley Ross, Lockheed Missiles and 
Space Div., Palo Alto, Calif. (954-59) 

#Thrust Orientation Patterns for Orbit 
Adjustment with Low Thrust Vehicles, 
Harold Brown and J. Richard Nelson, 
General Electric Co., Cincinnati, Ohio. 
(955-59) 

¢Optimum Re-entry Via a Variable Control 
Force, F. J. Marshall, Univ. of Chicago, 
Chicago, Ill. (956-59) 

#Planetary Perturbations of Interplanetary 
Orbits, J. E. Michaels and E. A. Straw- 
bridge, Missile and Space Vehicle Dept., 
General Electric Co., Philadelphia, Pa. 
(957-59) 

Mechanics of the Power and Launching 
Phase for Missiles and Satellites, C. A. 
Traenkle, Wright Air Development Center, 
Wright-Patterson AFB, Ohio. (958-59) 

Differential Correction Experimentation 
with the Low-Eccentricity Project Mer- 
cury Orbit, L. G. Walters, C. T. Van 
Sant, J. D. Enright, and L. Saskin, Aero- 
nutronic, A Div. of Ford Motor Co., New- 
port Beach, Calif. (960-59) 


Naval 


FAR-SPACE COMMUNICATIONS 
TECHNIQUES 


9:00 a.m. 


Chairman: Robert Francisco, Missile anq 
Space, Vehicle Dept., General Electric Co, 
Philadelphia, Pa. 

Vice-Chairman: George Adair, George p 
Adair Engineering Co., Washington, D.C. 


Caribar Room 


Recent Developments in Communications 
for Missiles and Space Programs, D. Hoch- 
man, Lockheed Missiles and Space Diy, 
Sunnyvale, Calif. (961-59) 

+Re-entry H.F. Transmission Experiment, 
J. B. Duryea, E. F. Paski, and W. I, 
Aseniero, Missile and Space Vehicle Dept., 
General Electric Co., Philadelphia, Pa, 
(962-59) 

#Communications Through 
Blackout, Robert White, 
Advanced Development 
Corp., Wilmington, Mass. 


Re-Entry 
Research & 
Div., Aveo 
(963-59) 


(Additional paper to be announced) 


SPACE LAW AND SOCIOLOGY 


9:00 a.m. Burgundy Room 


Chairman: Andrew G. Haley, General 
Counsel, American Rocket Society, Wash- 
ington, 

Vice-Chairman: Jiri Nehnevajsa, Columbia 
Univ., New York, N. Y. 

¢ Alterations in Cultural Patterns Resulting 
from the Developing Program of Astronau- 
tics, James 8. Hanrahan, Air Force Missile 
Development Center, Holloman AFB, 
N.M. (964-59) 

Possible Forthcoming Problems the 
Social Psychology of Space Exploration, 
Donald N. Michael, Dunlap and Associ- 
ates, Inc., Stamford, Conn. (965-59) 

+Astronautical and Space Industry of the 
Future, Emanuel Celler, U.S. House of 
Representatives, Washington, D.C. (966- 
59) 


Establishing U.N. Sovereignty on the 
Frontier of Outer Space, Clark M. [ichel- 
berger, American Assn. for the United 
Nations, Ine., New York, N.Y. (967-59) 

Man in Space, Spencer M. Beresford, U.S. 
House of Representatives, Washington, 
D.C. (968-59) 

+ Man in Space Means Men in Space: Some 
Consequences, Jiri Nehnevajsa, Columbia 
Univ., New York, N.Y. (969-59) 

#The Evolution of International Space 
Law, George J. Feldman, New York, N.Y. 
(970-59) 

+A Manufacturing Manager Looks at Space 
Law, Frank R. Swaney, Chrysler Corp., 
Detroit, Mich. (984-59) 

The Activities of the United States Senate 
Committee on Aeronautical and Space 
Sciences in the Field of the Natural 
Sciences as Related to Astronautics, War- 
ren G. Magnuson, U.S. Senate, Washing- 
ton, D.C. (971-59) 

+Space Law—Retrospect and Promise, 
Andrew G. Haley, General Counsel, 
American Rocket Society, Washington, 
D.C. (972-59) 


LUNCHEON 


12:30 p.m. Sheraton Hall North 

Toastmaster: Robert L. Hirsch, Manager, 
Washington Office, Aerojet-General Corp- 
oration, Washington, D.C. 

Speaker: Brig. Gen. Homer A. Boushey, 

Director of Advanced Technology, Deputy 

Chief of Staff for Development, Hq., USAF: 


SOLID ROCKET TECHNOLOGY 


Sheraton Hall South 
Richard Winer, Allegany Ballis- 


2:30 p.m. 


Chairman: 


tics Laboratory, Cumberland, Md. 
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Vice-Chairman: Arch Scurlock, Atlantic 
Research Corp., Alexandria, Va. 

40n the Use of Solid Propellants for Multi- 
Million Pound Boosters, John Gustavson, 
Grand Central Rocket Co., Redlands, 
Calif. (973-59) 

¢Transition of Solid Propellant Rocket 
Motors from R&D to Production, R. A. 
McElvogue, Thiokol Chemical Corp., 
Longhorn Div., Marshall, Tex. (974-59) 
+Proximate Advances in Statice Testing, 
William Pennington, Space Technology 
Laboratories, Ine., Los Angeles, Calif. 
(975-59) 

Solid Propellant Information Agency 
Activities, Karl Ockert and G. S. Mae- 
Murray, Johns Hopkins Univ., Applied 
Physics Laboratory, Silver Spring, Md. 
(976-59) 

+Systems for the Ignition of Solid Propellant 
Rockets, J. Rabern, Olin Mathieson Chem- 
ical Corp., East Alton, Ill. (977-59) 
+Design Considerations for Spiralloy Glass 
Reinforced Filament Wound Structures as 
Rocket Inert Parts, C. C. DeHaven, Aus- 
tin H. Kitzmiller, and Richard Young, 
Allegany Ballistics Laboratory, Cumber- 
land, Md. (983-59) 


SPACE COMMUNICATIONS 
EQUIPMENT 


2:30 p.m. Continental Room 


Chairman: Max Lowy, Data Control Sys- 
tems, Inc., Danbury, Conn. 

¢Abrupt Telemetry Signal Strength Fades 
in Powered ‘Flight on WS107A Re-Entry 
Vehicles, IX. Niemann, Jr., Missile and 
Space Vehicle Dept., General [Electric Co., 
Philadelphia, Pa. (978-59) 
+Decommutation of 100% Duty Cycle 
Telemetered Signals, M.G. Pawley and E. 
D. Heberling, U.S. Naval Ordnance Lab- 
oratory, Corona, Calif. (979-59) 

¢+An Analog and Digital Airborne Data Ac- 
quisition System, James M. Walter and 
Donald H. Ellis, Radiation, Ine., Mel- 
bourne, Fla. (980-59) 

+A Comparison Between PDM/FM System 
Using Gaussian and Ideal Vertical Cutoff, 
Low-Pass Filter, Myron Nichols and 
Arthur Bubblitz, Univ. of Michigan, Ann 
Arbor, Mich. (981-59) 


RAMJETS (Confidential) 
2:30 p.m. Dept. of the Interior Auditorium 


NEW ARS FELLOW MEMBERS 


Maj. Gen. Ira Davis Kurt Debus 


Chairman: W. H. Avery, Applied Physics 
Laboratory, The Johns Hopkins Univ., 
Silver Spring, Md. 

Vice-Chairman: Maj. Joseph M. Du Bois, 
Air Research and Development Com- 
mand, Washington, D.C. 


+#Ramjet Power for Supersonic, Low Alti- 
tude Vehicles, Arthur N. Thomas, Mar- 
quardt Corp., Van Nuys, Calif. 

Direct Flying Costs of Ramjet-Powered 
Airplanes, Robert A. Cornog, Ramo-Wool- 
dridge Div., Thompson Ramo-Wooldridge, 
Inc., Hawthorne, Calif. 

Performance of Liquid Fuel Ram-Rockets, 
I. C. Wilkerson and R. L. Wolf, Experi- 
ment, Inec., Richmond, Va. 

¢Talos Ramijets, William B. Shippen, Ap- 
plied Physics Laboratory, The Johns Hop- 
kins Univ., Silver Spring, Md. 


PHILOSOPHY OF EDUCATION THE 
SCIENTIST AND ENGINEER AND THEIR 
ENVIRONMENT (Panel) 


2:30 p.m. Burgundy Room 


Chairman: TT. Paul Torda, Arma Research 

Foundation, Chicago, Ill. 

Vice-Chairman: Francis Hayden, Catholic 

Univ. of America, Washington, D.C. 

The panel will aim to define the role and the 
place of the scientist and engineer in society, 
and to define his responsibilities in the socio- 
economie sense. The panel will explore the 
philosophy of education leading to the reali- 
zation of these aims. 


MARKETING SYMPOSIUM 


3:30 p.m. Caribar Room 


NATIONAL CAPITAL SECTION 
PROGRAM 


8:00 p.m. Sheraton Hall South 


A panel of leading representatives of the 
Army, Navy, and Air Force, Advanced Re- 
search Projects Agency, and National 
Aeronautics and Space Administration will 
discuss present activities and plans for the 
nation’s space programs. 


Wednesday, November 18 


STRUCTURES AND MATERIALS 
IN NEAR SPACE 
Caribar Room 


9:00 a.m. 


R. D. Geckler T. Keith Glennan 


Chairman: Frederick L. Bagby, Battelle 
Memorial Institute, Columbus, Ohio. 

Vice-Chairman: Milton Rosen, National 
Aeronautics and Space Administration, 
Washington, D.C. 

¢+Simulation of Environmental Conditions 
in Near Space, John C. Simons, Jr., 
National Research Corp., Cambridge, 
Mass. (984-59) 

¢Surface Behavior in Near Space, Francis 
Clauss, Lockheed Missiles and Space Div., 
Sunnyvale, Calif. (985-59) 

Materials in Knergy Conversion Systems, 
John M. Allen, Battelle Memorial Insti- 
tute, Columbus, Ohio. (986-59) 

Development of the Capsule Pressure Ves- 
sel for Project Mercury, Fred Sanders, 
MeDonnell Aircraft Corp., St. Louis, Mo. 
(987-59) 


CURRENT PROBLEMS OF SPACE 
TRAVEL 


9:00 a.m. Burgundy Room 


Chairmen: Robert R. Gilruth, National 
Aeronautics and Space Administration, 
Langley Field, Va. 

Vice-Chairman: Kurt Stehling, Natienal 
Aeronautics and Space Administration, 
Washington, D.C. 

¢Survival Equipment for Emergency Space 
Vehicle Abandonment, H. L. Bloom, 
Missile and Space Vehicles Dept., General 
Electric Co., Philadelphia, Pa. (988-59) 

+ Radiation Problems in Low Thrust Space 
Travel, M. G. Del Duca, A. D. Babinsky, 
and Angus I. Bond, Tapeo Group, Thomp- 
son Ramo-Wooldridge, Ine., Cleveland, 
Ohio. (989-59) 

The Advantages of Low Thrust Space 
Vehicles, Ernst Stuhlinger, Army Ballistic 
Missile Ageney, Redstone Arsenal, Ala- 
bama. (990-59) 

+ Advantages of High Thrust Space Vehicles, 
Maxwell W. Hunter and J. M. Tschirgi, 
Douglas Aircraft Co., Santa Monica, Calif. 


TEST FACILITIES AND GROUND 
SUPPORT EQUIPMENT 


9:00 a.m. Burgundy Room 


Chairman: Richard F. Gompertz, Rocket- 
dyne, North American Aviation, Canoga 
Park, Calif. 


R. M. Lawrence 


James J. Harford 
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NEW ARS 


Lester Lees T. F. Morrow 


Vice-Chairman: Robert Kendall, Arthur 
D. Little, Inc., Edwards AFB, California. 

+ Missile and GSE Transportation Environ- 
ment, M. T. Kirkenmeier, Chrysler Missile 
Div., Detroit, Mich. (993-59) 

Support Equipment Designers Look at the 
Moon, M. J. Neder and T. I. Walsh, 
Aerojet-General Corp., Azusa, Calif. (994- 
59) 

Engine Test Laboratory Planning, 
R. O. Dietz, Arnold Engineering Develop- 
ment Center, Tullahoma, Tenn. (995-59) 

+Altitude Facility Rocket Testing, I. C. 
Lightner, Arnold Engineering Develop- 
ment Center, Tullahoma, Tenn. (996-59) 

#Are We Ready? Leonard Chevlin, The 
Martin Co., Denver, Colo. (997-59) 


ADVANCES IN MINIATURIZATION 


9:00 a.m. Continental Room 


Chairman: Louis B. Forman, Chrysler 
Corp., Detroit, Mich. 

Vice-Chairman: Peter Hagen, National 
Aeronautics and Space Administration, 
Washington, D.C. 

+ Microminiaturization of Space Computers, 
Elise F. Harmon and Edward Keonjian, 
American Bosch Arma Corp., Hempstead, 
N.Y. (998-59) 

+ Macro-Modual Program, Stanley Schnei- 
der, Burroughs Corp., Paoli, Pa. (999-59) 

Semiconductor Solid Circuits, J. 8. Kelby, 
Texas Instruments, Ine., Dallas, Tex. 
(1000-59) 

Molecular Engineering, Jean Struhl, West- 
inghouse Air Arm Div., Baltimore, Md. 
(1001-59) 

Data Recovery—-The Heart of the Flight 
Instrumentation Problem, P. A. Laethrop, 
Missile and Space Vehicles Dept., General 
Electric Co., Philadelphia, Pa. (1003-59) 


SURVEY OF STORABLE PROPELLANTS 
AND COMBUSTION OSCILLATIONS 
(Confidential) 


9:30 a.m. 


Chairman: John L. Sloop, National Aero- 
nautics and Space Administration, Cleve- 
land, Ohio. 

Vice-Chairman: James R. Patton, Office of 
Naval Research, Washington, D.C. 

¢Introductory Remarks, John L. Sloop, 
National Aeronautics and Space Adminis- 
tration, Cleveland, Ohio. 

Recent Progress in Solid Propellants, Allen 
R. Deschere, Rohm & Haas Co., Huntsville, 
Ala. 

Performance, Properties, and Combustion 
Characteristics of Advanced Storable Pro- 
pellants, Stanley Lehrer, Reaction Motors 
Div., Thiokol Chemical Corp., Denville, 
N. J. 

Understanding and Attenuating Combus- 
tion Oscillagion, Robert 8. Levine, Rocket- 
dyne, North American Aviation, Ine., 
Canoga Park, Calif. 


Dept. of the Interior Auditorium 
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FELLOW MEMBERS 


William G. Purdy 


LUNCHEON 
12:30 p.m. Sheraton Hall North 


Toastmaster: John D. Gilchrist, Director, 
Customer Relations District Offices, Aero- 
jet-General Corp., Washington, D.C. 

Speaker: William H. Pickering, Director, 
Jet Propulsion Laboratory, California 
Institute of Technology, Pasadena, Calif. 


PLASMA PROPULSION 
2:30 p.m. 


Chairman: Mark L. Ghai, General Electric 
Co., Cincinnati, Ohio. 

Vice-Chairman: W. C. Cooley, National 
Aeronautics and Space Administration, 
Washington, D.C. 

Plasma Jet Applications for Spaceflight, 
Gerhard Heller, Army Ballistic Missile 
Agency, Huntsville, Ala. (1004-59) 

#NASA_ Research on Plasma Propulsion, 
W. Moeckel and W. Rayle, Lewis Research 
Center, National Aeronautics and Space 
Administration, Cleveland, Ohio. (1005- 
59) 

#Plasma Generation for Electrothermal 
Propulsion and Electromagnetic Propul- 
sion Systems, I’. Martinek and B. Harned, 
Flight Propulsion Laboratory Dept., Gen- 
eral Electric Co., Cincinnati, Ohio. (1006- 
59) 

+ Magnetohydrodynamic Flow Experiments 
of a Steady State Nature, V. H. Blackman, 
MHD Research, Inec., Newport Beach, 
Calif. (1007-59) 

Experimental Results with a Collinear 
Klectrode Plasma Accelerator and a Com- 
parison with Ion Accelerators, S. W. Kash 
and W. L. Starr, Lockheed Aircraft Corp., 
Sunnyvale, Calif. (1008-59) 

#On Magnetohydrodynamie Propulsion, 
Arthur Kantrowitz and G. 8. Janes, Aveo- 
Everett Research Laboratory, Everett, 
Mass. (1009-59) 

Plasma Propulsion, Gordon L. Cann and 
Adriano C. Dueati, Giannini Plasmadyne 
Corp., Pasadena, Calif. (1010-59) 


Burgundy Room 


RECOVERABLE BOOSTER 
2:30 p.m. Sheraton Hall South 


Chairman: A. L. Shef, Advanced Research 
Projects Agency, Washington, D.C. 

#The Economy of Recoverable Two-Stage 
Orbital Carrier Vehicles, H. H. Koelle, 
Army Ballistic Missile Agency, Huntsville, 
Ala. (1011-59) 

+Recoverable Boosters—The Next Big Step 
in Satellite and Space Systems, R. P. 
Buschmann, Lockheed Aircraft Corp., 
Palo Alto, Calif. (1012-59) 

+#Winged Recoverable Booster Characteris- 
ties, Frank J. Dore, Convair-Astronauties, 
San Diego, Calif. (1013-59) 

#Kecoverable Booster. Panel discussion 
with above authors, with A. S. Donovan, 


R. B. Rees 


Milton Rosen 


Space Technology Laboratories, Los An. 
geles, Calif., panel moderator. 


PAYLOAD INSTRUMENTATION 


2:30 p.m. Continental Room 


Chairman: Herbert Friedman, Naval Re- 
search Laboratory, Washington, D.C. 

¢Instrumentation for Measuring the Strue- 
tural Parameters of the Upper Atmosphere, 
Leslie M. Jones, Univ. of Michigan, Ann 
Arbor, Mich. (1015-59) 

+Aspect Sensing, Astrostat Design and 
Orientation Control in Space Research, 
Russell A. Nidey, Kitt Peak National Ob- 
servatory, Tueson, Ariz. (1016-59) 

+Atomice Clocks for Satellite Experiments, 
Peter L. Bender, National Bureau of 
Standards, Washington, D.C. (1017-59) 

¢Instrumentation for Space Magnetic Field 
Studies, James P. Heppner, National 
Aeronautics and Space Administration, 
Washington, D.C. (1018-59) 

Redstone, Jupiter, Saturn: Evolution of 
a Measuring System, C. T. N. Paludan, 
Army Ballistic Missile Agency, Redstone 
Arsenal, Ala. (1020-59) 


LIQUID ROCKETS (Confidential) 
2:30 p.m. 


Chairman: Frank Goddard, Jet Propulsion 
Laboratory, Pasadena, Calif. 

Vice-Chairman: Ralph Kauffman, Bureau of 
Aeronautics, Washington, D.C. 


Dept. of the Interior Auditorium 


High Discharge Pressure Hydrogen Pumps, 
J. C. Moise, W. W. Heath, and E. Eber, 
Aerojet-General Corp., Azusa, Calif. 

Safety and Reliability for Manned Space 
Flight, G. R. Cramer and H. A. Barton 
Reaction Motors Div., Thiokol Chemical 
Corp., Denville, N.J. 

Development of a 6000-Pound Thrust 
Nitrogen Tetroxide Hydrazine Propulsion 
System, J. D. McKenney, Jet Propulsion 
Laboratory, Pasadena, Calif. 

#Some Considerations of Single or Multiple 
Chamber Booster Applications, I. Iaco- 
bellis, Rocketdyne, North American Avia- 
tion, Inec., Canoga Park, Calif. 

+Flow Characteristics and Performance of 
Cluster Rocket Exhausts at High Altitudes 
B. H. Goethert, ARO, Ine., Arnold Engi- 
neering Development Center, Tullahoma, 
Tenn. 


RECEPTION 
6:00 p.m. Continental Room 
Auspices of Aerojet-General Corp. 
(For those holding banquet tickets) 


HONORS NIGHT DINNER 
7:00 p.m. Sheraton Hall 


Presiding: Col. John P. Stapp, President, 
American Rocket Society. 


NO 


Q. 
R. 


| W. T. Olson 
| 
| 
10. 
12, 
13. 
14, 
15. 
16, 
\ 


An. 


© 
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Q 
ARS SECTIONS AND STUDENT CHAPTERS 
Section and President 
1, Alabama—R. D. Stewart 18. Houston—Larry Megow (Acting) 35. Philadelphia—J. E. Walton 
2. Antelope Valley—R. J. Harer 19. Indiana—A. C. Pinchak 36. Pittsburgh—E. R. Arnold 
3. Central California—R. F. Freitag (Acting) 20. Kansas City—A. R. Pittaway 37. Princeton—Jerry Grey (Acting) 
4, Central Colorado—D. M. Cole 21. Long Island—Abelardo de Alcala 38. Rock River—F. M. Johnson 
5. Central Indiana—T. F. Nagey 22. Maryland—Hh. J. Hasenfus 39. Sacramento—D. F. Sprenger 
6. Central New York—R. S. Grisetti 23. National Capital—W. H. Roennau (Acting) 40. St. Joseph Valley—R. E. Defrees 
7, Central Texas—W. G. Haymes 24. Neosho—W. J. Baisley 41. St. Lovis—James N. Holsen 
8. Chicago—C. C. Miesse 25. New England—John Harvell 42. San Diego—C. L. Bates 
9. Cleveland-Akron—H. W. Douglass 26. New Mexico-West Texas—Lew Byrd 43. Southern California—W. J. Cecka Jr. 
10. Columbus—E. W. Smith 27. New York—R. P. Frazee 44. Southern Ohio—Lou Michelson 
11. Connecticut Valley—C. W. Lemmerman 28. Niagara Frontier—Clayton Williams 45. Southwestern Michigan—W. J. Lator (Acting) 
12, Dayton—R. W. Clarke 29. Northeastern New York—N. E. Munch 46. Tennessee—H. M. Cook 
13, Delaware. |. Bomar Jr. 30. Northern California—J. S. Arnold 47. Twin Cities—Rudolf Hermann 
14, Detroit—E. A. Nielsen 31. North Texas—J. A. Kerr 48. University Park—J. D. Decker 
15. Florida—-B. G. MacNabb 32. Orlando—Richard Krauss (Acting) 49. Utah—C. S. Roberts Jr. 
16, Ft. Wayne—F. H. Brady 33. Pacific Northwest—G. W. Hettrick 50. Valley Forge—W. L. Doyle 
17. Holloman—Knox Millsaps 34. Palm Beach—Hh. J. Barten 51. Wichita—Aiex Petroff 


AL -TOMMOO 


Student Chapter and Presidents 


S. University of Minnesota—Jerome Blanz 

T. University of Missouri—Susan Lette (Secretary) 

U. Newark College of Engineering—Dave Broome 

V. U.S. Naval Postgraduate School—Thomas C. Warren 
W. New York University—Harris Weingold 

X. University of Oklahoma—Elton Thompson 

Y. Polytechnic Institute of Brooklyn—Arthur C. Martinez 

Z. Rensselaer Polytechnic Institute—Thomy Nilsson 
AA. St. Ambrose College—Nicholas Kass 


Academy of Aeronautics—Alfred E. Toombs 
Alabama Polytechnic Institute—Axel Roth 

Boston University—Walter Kimball 

California State Polytechnic College—Philip A. Bohm 
University of California—Donald Christenson 

City College of New York—Alvin B. Blacksburg 
University of Colorado—James Dillow 

University of Connecticut—Alan Kessler 

Drexel Institute of Technology—Thomas J. Hayes 
Fairleigh Dickinson University—Peter J. Wank 

Fenn College—Allan J. Smith Jr. Stephen Koob 

University of Florida—Jack Bodne CC. Stevens Institute of Technology—aAlfred H. Filskov 
Georgia Institute of Technology—Henry Hillbrath DD. University of Texas—Ettore Infante 

University of Hartford—Joseph Brown EE. Tri-State College—B. L. Twitty (Faculty Sponsor) 
Marquette University—John Aschenbrener FF. Vanderbilt University—V. W. Gerth Jr. 
Massachusetts Institute of Technology—Robert Esterling GG. University of Virginia—H. Duane Evans 
University of Miami—Robert Rosen HH. University of Washington—Donald i. Ciffone 
University of Michigan—Erle H. Wales ll. Wayne State University—James Wells 


November 1959 / Astronautics 


BB. St. Louis University—Parks College of Aeronautical Technology— 
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Speaker: John <A. MeCone, Chairman, 
Atomic Energy Commission, on ‘The 
Influence of Nuclear Technology on 
Rockets and Space.” 

Award Presentations: Robert H. Goddard 
Memorial Award, C. N. Hickman Award, 
G. Edward Pendray Award, James H. 
Wyld Memorial Award, ARS Astronautics 
Award, ARS Chrysler Corp. Student 
Award, ARS Thiokol Award, and Fellow 
Member announcements. 


Thursday, November 19 
SPACE LAW AND SOCIOLOGY 


9:00 a.m. Continental Room 


Chairman: Harold W. Saunders, State 
Univ. of Iowa, Iowa City, Towa. 

Vice-Chairman: Ralph E. Becker, Brook- 
hart, Becker & Dorsey, Washington, D.C. 

 Foree for World Peace, 
Kilene Galloway, U.S. Senate, Washington, 
D.C. (1023-59) 

Rocket to Space, Peter W. Rodino, Jr., 
U.S. House of Representatives, Washing- 
ton, D.C. (1025-59) 

Social Influences on Power Technology, 
William CC. Lawton, Univ. of Arizona, 
Tucson, Ariz. (1026-59) 

Radio Frequency Control for the Space 
Age, Howard W. Cannon, U.S. Senate, 
Washington, D.C. (1027-59) 

Is it Time for a Space Law Code? Leo 
Albert Huard, Georgetown Univ. Law 
Center, Washington, D.C. (1028-59) 

Public Understanding and the Need for 
Space Laws, Emilio QQ. Daddario, U.S. 
House of Representatives, Washington, D. 
C. (1029-59) 

+A Suggested Frame of Reference for Socio- 
logical Research on Outer Space, Harold 
W. Saunders, State Univ. of Iowa, Iowa 
City, Iowa. (1030-59) 

The Impact of Space Technology on Medi- 
eal Research, David Bushnell, Air Research 
& Development Command, Holloman 
AFB, N.M. (1031-59) 

World Peace Through Space Law, William 
A. Hyman, Hyman, Hayman & Harris, 
New York, N.Y. (1022-59) 


POWER SYSTEMS 
9:00 a.m. Sheraton Hall South 


Chairman: B. J. Wilson, Naval Research 
Laboratory, Washington, D.C. 

Vice-Chairman: Maj. William G. Alexan- 
der, Air Research and Development Com- 
mand, Washington, D.C. 

Available Power System for Space Ve- 
hicles, Harris J. Howard and Robert W. 
MeJones, Vickers, Ine., Torrance, Calif. 
(1032-59) 

Advanced Sterling for Satellite 
and Space Secondary Power, H. W. Welsh, 
kk. A. Poste, and R. B. Wright, Allison 


Div., General Motors Corp., Indianapolis, 
Ind. (1033-59) 

+ Engineering Calculations of Thermoelectric 
Machines: A Topological Presentation, 
Irving Sochard, Diamond Ordnance Fuze 
Laboratory, Washington, D.C. (1034- 
59) 

+A Method of Predicting Chemical APU 
Performances Through Use of Rocket 
Parameters, Paul C. Juhasy, Boeing Air- 
plane Co., Seattle, Wash. (1036-59) 

+The Modular Concept Applied to Second- 
ary Power Supplies, J. A. Meyer and EF. 
Barrett, Boeing Airplane Co., Seattle, 
Wash. (1087-59) 


RECENT ADVANCES IN NUCLEAR 
PROPULSION 
(Secret—Restricted Data) 


9:30 a.m. 


Chairman: Lt. Col. Howard Schmidt, 
Atomic Energy Commission, Germantown, 
Md. 

Vice-Chairman: Harry Finger, National 
Aeronautics and Space Administration, 
Washington, D.C. 

Nuclear Rocket Fuel Technology, J. M. 
Taub, Los Alamos Scientific Laboratory 
of the Univ. of California, Los Alamos, 
N.M. 

Graphite Corrosion Kinetics, J. D. Rogers, 
ID. Clifton, A. Gonzales, and A. Sesonske, 
Los Alamos Scientific Laboratory of the 
Univ. of California, Los Alamos, N.M. 

+ Kiwi-A Design Details, F. P. Durham, Los 
Alamos Scientific Laboratory of the Univ. 
of California, Los Alamos, N.M. 

+ Kiwi-A Testing, R. W. Spence, Los Alamos 
Scientific Laboratory of the Univ. of Cali- 
fornia, Los Alamos, N.M. 


Dept. of the Interior Auditorium 


POWER SYSTEMS 
Sheraton Hall South 


Chairman: B. J. Wilson, Naval Research 
Laboratory, Washington, D.C. 

Vice-Chairman: Maj. William G. Alexan- 
der, Air Research and Development Com- 
mand, Washington, D.C. 


2:30 p.m. 


¢Approaches to the Ultimate in Solar Heat- 
to-lectricity Conversion, Thomas Timar, 
Boeing Airplane Co., Seattle, Wash. 
(1038-59) 

Regenerative Fuel Cells as Auxiliary Power 
Supplies for Space Vehicles, M. G. Del 
Duca, J. M. Fuscoe, and T. A. Johnston, 
Thompson Ramo Wooldridge, Inc., Cleve- 
land, Ohio. (1039-59) 

#Why a Space Power Station? I. J. Adle- 
son, Sundstrand Turbo Div., Denver, 
Colo. (1040-59) 

+A Heat Storage System for Satellite Power 
Plants, C. L. Walker, J. D. Matchett, and 
R. J. Hanold, Allison Div., General Motors 
Corp., Indianapolis, Ind. (1041-59) 

+ Basic Mnergy Conversion in Space Vehicles, 
James H. Fisher and Charles W. Stephens, 
Electro-Optical Systems, Ine., Pasadena, 
Calif. (1042-59) 


NEW ARS FELLOW MEMBERS 


Raemer Schreiber John I. Shafer 
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Kurt Stehling Homer J. Stewart 


RECENT ADVANCES IN NUCLEAR 
PROPULSION (Secret—Restricted Data) 


2:30 p.m. Dept of the Interior Auditorium 


Chairman: Lt. Col. Howard Schmidt, 
Atomic Energy Commission, Germantown, 
Md. 

Vice-Chairman: Harry Finger, National 
Aeronautics and Space Administration, 
Washington, D.C. 

+High Temperature Critical Systems, Harry 
L. Reynolds, Univ. of California, Lawrence 
Radiation Laboratory, Livermore, Calif, 

#Thermofracture in BeO Fuel Elements, 
Robert B. Meuser, University of California, 
Lawrence Radiation Laboratory, Liver- 
more, Calif. 


(Additional papers to be announced) 


LADIES PROGRAM 
Tuesday, November 17 


Tour #1 10 :30 a.m, 
Mt. Vernon, Alexandria, and Arlington 
Tour of Mt. Vernon, Alexandria, and Ar- 
lington. Time approximately 5!/2 hours, 
Stop at Lincoln Memorial, tour of Arlington 
Cemetry, stop for Changing of the Guard 
at the Tomb of the Unknown Soldier, stop 
at Iwo Jima Memorial, tour of historic Alex- 
andria, stop at Christ Church, scenic route to 
Mt. Vernon via George Washington Mem- 
orial Parkway, tour of restored Mansion 
and Plantation at Mt. Vernon, view on return 
route Pentagon, Jefferson Memorial, and 
Tidal Basin. Luncheon at Hogates Seafood 
Restaurant. 
Complete Cost: $7.25 
Wednesday, November 18 
Tour #2 11:30 a.m, 
Fashion Show 


Transportation to and from hotel for 
luncheon and fashion show in Tea Room at 
Garfinckel’s. Luncheon a la Carte. 

Transportation: $1.00 


Thursday, November 19 


Tour #3 10:00 a.m. 


Public Buildings, Embassies, and Churches 


Approximately 5!/2 hours. Guided tour of 
White House and U.S. Capitol Building,riding 
tour of downtown Washington, Government 
Buildings area, Federal Triangle viewing 
enroute Museums, National Gallery of Art, 
Washington Monument, ete., riding tour 
through Old Georgetown viewing enroute C 
& O Canal, the old Seaport, quaint fashion 
shops, Dunbarton House, Georgetown Uni- 
versity, riding tour of Embassy Row and 
fashionable residential area of Kalorama 
Heights, stopping enroute at the Islamic 
Mosque, Washington National Cathedral, 
luncheon at the Washington Hotel Sky 
Room. 

Complete Cost: $7.50 


James Van Allen David Young 
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The technical program: A look ahead 


Growth of ARS in past few years is indicated by a mammoth program 


which includes 29 technical sessions and 105 unclassified papers 


By Irwin Hersey 


HE IMPRESSIVE GROWTH of ARS during the 

past few years has never been more clearly de- 
lineated than in the technical program for the 14th 
Annual Meeting in Washington, D.C., this month. 

For, under the able leadership of Brooks Morris, 
national program chairman, and the chairmen ot 
the 22 ARS Technical Committees, the biggest and 
best technical program ever to mark a Society meet- 
ing has been put together. It includes 29 sessions, 
five of which are classified (two Secret and three 
Confidential), and some 105 unclassified papers, 
encompassing virtually every facet of ARS activity 
and interest, and ranging all the way from space law 
and sociology to nuclear propulsion. 


Marked by Several "Firsts" 


The technical program for the meeting is marked 
by a number of “firsts,” not the least of which is the 
fact that the large number of sessions planned 
(almost double the 16 at last year’s annual meeting ) 
has necessitated quadruple sessions in some_ in- 
stances, and even one quintuple session. 

Sessions on guidance, gas wave phenomena, and 
physics of the atmosphere and space will open the 
technical program on Monday morning, Nov. 16. 
The guidance session promises to be of unusual 
interest, since it will be marked by papers dealing 
with an orbiting astronomical telescope, guidance 
requirements for Mars and Venus probes, and satel- 
lite position-sensing methods. 

Afternoon sessions the same day turn the spotlight 
on ion propulsion, space-vehicle bio-instrumenta- 
tion, and propellants and combustion. The ion- 
propulsion session will produce two papers dealing 
with experimental work and two theoretical papers 
—one on physics of the ion-thrust system and the 
other on thrust multiplication by successive accel- 
eration in ion systems. The bio-instrumentation ses- 
sion will be highlighted by a panel discussion on 
future requirements for improved bio-instrumenta- 
tion techniques. Of interest in the propellants and 


combustion session are papers dealing with metal 
combustion processes and with liquid ozone as a 
rocket propellant. 

A special Monday evening seminar will be de- 
voted to design work done to date on man in space. 
Among the interesting topics to be discussed are 
the question of whether man should be part of the 
machine from the start; measuring man’s perform- 
ance in a space vehicle; integration of man into the 
machine as a monitor and primary controller of the 
vehicle; and decisions which have resulted in inte- 
gration of man into the Project Mercury capsule. 

Tuesday morning brings the first quadruple ses- 
sions, dealing with liquid rocket safety and reliabil- 
ity, astrodynamics, far-space communications tech- 
niques, and space law and sociology. The liquid 
rocket session will highlight propulsion aspects of 
the manned spaceflight safety problem, effects of 
manned payloads on booster requirements, and 
performance and reliability of rocket attitude-con- 
trol systems. Among the topics to be covered in the 
astrodynamics session are interplanetary transfers, 
optimum re-entry via a variable control force, and 
planetary perturbations of interplanetary orbits. 


Major Space Session Planned 


The mammoth space law and sociology session, 
first of two at the meeting, will be marked by the 
presentation of 10 short papers, including two by 
members of Congress, Rep. Emanuel Celler (D., 
N.Y.) and Sen. Warren Magnuson (D., Wash. ). 
Gen. Clark M. Eichelberger, now with the Ameri- 
can Assn. for the UN, is also scheduled to present a 
paper. 

Quadruple sessions the same afternoon will see 
discussions of solid rocket technology, space com- 
munications equipment, and ramjets (on the Con- 
fidential level), and a panel discussion on the 
philosophy of education. The solid rocket session 
will include papers on the use of solid propellants 


in multimillion-pound (CONTINUED ON PAGE 152) 
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East and West Meet at IAF Congress 


The alphabet seated East and West next to each other at 
the IAF Congress in London in September. Left to right: 
IAF president-elect Leonid I. Sedov and Prof. K. Ogorod- 
nikov of the Russian delegation; ARS President John P. 
Stapp and Board Member Martin Summerfield, who 
headed the ARS delegation; Robert P. Haviland of the 


AAS delegation; and Fred Singer. 


IAF is the sole inter- 


national astronautical body in which the U.S.S.R. is still 


active. 


International Scene 
(CONTINUED FROM PAGE 20) 


In May and June 1958, as the [AF’s 
representative, I actively participated 
in the sessions of CCIR Study Group 
XI meeting in Moscow. Study Group 
XI concerned itself with the subject of 
television, and a specific Study Ques- 
tion on the agenda was related to tele- 
vision transmission over extremely 
long distances. 

Accordingly, there were submitted 
for the consideration of Study Group 
XI three draft Study Questions and a 
proposed addition to Study Programme 
No. 32 (XI) of the CCIR to deal with 
general requirements for a 405 line 
2000 ke/s video band system. These 
Study Questions dealt with the follow- 
ing subjects: 

1. What practicable measures can 
be taken to provide for the transmis- 
sion of television signals in connection 
with activities in astronautics? 

2. How can the various uses of 
such transmission of television signals 
be categorized? 

3. What are the requirements as to 
definition, frame rate, field rate, and 
other parameters for signals for the 
various categories of use? 

4. How can standardization be ef- 
fected which will promote the best in- 
ternational usage of such signals and 
the most efficient and useful employ- 
ment of communications, telemetry, 
and guidance by means of such sig- 
nals? 

5. For the transmission of television 
signals over extremely long distances 
between earth and positions and ob- 
jects in space: 
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A. What are the characteristics of 
the signal, circuitry, and propagation 
paths that must be considered? What 
are their recommended values? And 
what tolerances must be imposed in 
order to ensure satisfactory transmis- 
sion? 

B. How do these characteristics and 
their values and tolerances differ as 
between the requirements for the 
transmission of monochrome signals 
and color signals? 

C. What methods of measurement 
and what test signals can be recom- 
mended for checking these character- 
istics? 


Study Group VI of the CCIR met at 
Geneva in July and August 1958, and 
at this meeting the IAF submitted a 
lengthy proposal for consideration. 
The IAF proposal was twofold. First, 
a study of technical requirements was 
outlined which included the follow- 
ing subjects: 

1. What frequencies are specially 
suitable for penetration of the layers 
of the earth’s atmosphere? 

2. What are the influences on these 
frequencies of the hour of the day, 
the season, the geographical location, 
and solar activity? 

3. What deviations in propagation 
direction can be expected by the pene- 
tration of the ionosphere? 

4. What, if any, will be the differ- 
ences in propagation between ingoing 
and outgoing signals relative to the 
earth? 

5. Are special phenomena to be ex- 
pected that do not occur in transmis- 
sion between two points on earth? 

6. What is the possible influence of 


the troposphere on wave propagation 
to and from extraterrestrial objects? 

Second, a thorough review of the 
then-known frequency allocation needs 
of astronautical radio services was 
made. Each of the portions of the 
radio spectrum was analyzed both as 
to the manner in which it was essen- 
tial to astronautical radio service and 
as to the effects of any re-allocation 
thereof on existing users. 


Following the Geneva meeting of 
the CCIR Study Group, the IAF com- 
menced its preparation for two major 
conferences scheduled for 1959, 
These were the Ninth Plenary Assem- 
bly of the CCIR at Los Angeles in 
April and the administrative Radio 
Conference at Geneva from August to 
December. 

As background for the CCIR Plen- 
ary Assembly in Los Angeles, the IAF 
supplied to the more than 950 dele- 
gates copies of the ARS Comments 
prepared in anticipation of the Geneva 
Conference, and copies of the direct 
testimony of a score of technical ex- 
perts given under ARS auspices to the 
FCC in connection with the Com- 
mission’s over-all frequency allocation 
hearing. 

The Assembly proceeded to reor- 
ganize its Study Groups by merging 
Study Group (Ground-Wave 
Propagation) into Study Group V 
(Tropospheric Propagation), so that 
the new Study Group V deals with 
Propagation, Including the Effects of 
the Earth and Troposphere. 

The new Study Group IV (Space 
Systems) was formed “to study sys- 
tems of telecommunications with and 
between locations in space.” 

On July 14, 1959, in response to 
the request of the IAF, the CCIR for- 
mally included the IAF as a partici- 
pant in this new Study Group on 
Space Communications. 


* 


As of this writing, the Geneva Radio 
Conference has been in session for 
more than two months. Several pro- 
posals for the allocation of radio fre- 
quencies for astronautical communi- 
cations and research have been sub- 
mitted for study. These are, in addi- 
tion to the ARS-IAF proposal (dis- 
cussed in this column in the March 
and April issues), other U.S. proposals, 
a United Kingdom proposal, and a 
COSPAR proposal. 

There does not appear to be any 
substantial conflict between the vari- 
ous proposals which have been sub- 
mitted to date, and it is to be hoped 
that, by the time the Conference is 
concluded late this year, concrete steps 
will have been taken to assure alloca- 
tion of certain radio frequencies for 
earth-space and space use. 
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Ramo-Wooldridge 
Laboratories 


in Canoga Parl 


The new Ramo-Wooldridge Laboratories in Canoga 
Park, California, will provide an excellent environment 
for scientists and engineers engaged in technological 
research and development. Because of the high degree 
of scientific and engineering effort involved in Ramo- 
Wooldridge programs, technically trained people are 
assigned a more dominant role in the management of 
the organization than is customary. 

The ninety-acre landscaped site, with modern build- 
ings grouped around a central mall, contributes to the 


academic environment necessary for creative work. The 
new Laboratories will be the West Coast headquarters 
of Thompson Ramo Wooldridge Inc. as well as house 
the Ramo-Wooldridge division of TRW. 

The Ramo-Wooldridge Laboratories are engaged in 
the broad fields of electronic systems technology, com- 
puters, and data processing. Outstanding opportunities 
exist for scientists and engineers. 


For specific information on current openings write 
to Mr. D. L. Pyke. 


THE RAMO-WOOLDRIDGE LABORATORIES 


8433 FALLBROOK AVENUE, CANOGA PARK, CALIFORNIA 
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ARS news 


Alabama Section Visits Arnold Engineering Center 


Proposed Arrowhead Section 


Until recently, ARS members in 
San Bernardino and Riverside Coun. 
ties, Calif., have had to travel for 
more than three hours to attend tech- 
nical meetings in Los Angeles. For 
this and other reasons, a new ARS 
Section has been proposed for the 
area. Interested members are al- 
ready active with informal meetings 
and a membership drive. The pro- 
posed Section counts more than 60 
members slated presently, and is ex- 
pected to reach the first hundred be- 
fore a charter meeting planned for 
early 1960. 

The acting officers of the Arrow- 
head Section are John Gustavson, 
Grand Central Rocket Co., president; 
Louis Crider, Norton AFB, vice-presi- 
dent; Ralph Pierce, Grand Central 


The Alabama Section toured the Air Force’s Arnold Engineering Development 
Center, Tullahoma, Tenn., recently as guests of the Tennessee Section. Above, 
members of the party—from left, Rodney Stewart, Alabama Section president; 
James Harford, ARS executive secretary on hand for the occasion; Mary Smith 
and Peggy Weems of Thiokol; and Harvey Cook, president of the host Ten- 


nessee Section—look at model of Arnold’s wind-tunnel complex. 


American Rocket Society 


500 Fifth Avenue, New York 36, N. Y. 
Founded 1930 


OFFICERS 


President 

Vice-President 

Executive Secretary 
Treasurer 

Secretary and Asst. Treasurer 
General Counsel 

Director of Publications 


John P. Stapp 
Howard S. Seifert 
James J. Harford 

Robert M. Lawrence 
A. C. Slade 

Andrew G. Haley 
Irwin Hersey 


BOARD OF DIRECTORS 


(Terms expire on dates indicated) 


James R. Dempsey 1961 
Alfred J. Eggers Jr. 1959 
Krafft Ehricke 1959 
Samuel K. Hoffman 1960 
J. Preston Layton 1960 
A. K. Oppenheim 1961 
William H. Pickering 1961 


Simon Ramo 

H. W. Ritchey 
William L. Rogers 
David G. Simons 
John L. Sloop 
Martin Summerfield 
Wernher von Braun 


Maurice J. Zucrow 1960 


TECHNICAL COMMITTEE CHAIRMEN 


Lawrence S. Brown, Guidance and 
avigation 

Milton U. Clauser, Magnetohydrody- 
namics 

Robert B. Rypinski, Logistics and 
Operations 

William H. Dorrance, Hypersonics 

Herbert Friedman, Instrumentation 
and Controls 

George Gerard, Structures and 
Materiais 

Milton Greenberg, Physics of the 
Atmosphere and Space 

Stanley V. Gunn, Nuclear Propulsion 

Andrew G. Haley, Space Law and 
Sociology 

Samuel Herrick, Astrodynamics 

Maxwell W. Hunter, Missiles and Space 
Vehicles 


David B. Langmuir, Ion and Plasma 
Propulsion 


Y. C. Lee, Liquid Rockets 

Max A. Lowy, Communications 

Richard A. Schmidt, Test Facilities 
and Support Equipment 

Paul E. Sandorff, Education 

William B. Shippen, Ramjets 


John L. Sloop, Propellants and 
Combustion 


Ivan E. Tuhy, Solid Rockets 


Stanley C. White, Human Factors and 
io-Astronautics 


George F. Wislicenus, Underwater 
Propulsion 


Abe M. Zarem, Power Systems 
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Rocket, secretary; and J. Schmidt, 
Western Fluidyne, treasurer. 

The first technical meeting was 
held in August. Norman V. Petersen, 
chief of astronautics at Norair, spoke 
on “Space Training Devices for Earth 
Satellite and Moon Operations,” de- 
scribing the performance characteris- 
tics for inexpensive, rocket-powered, 
balloon-launched_ space-training cap- 
sules, and techniques for directing a 
capsule to a complete standstill at 
various points above the earth’s at- 
mosphere, so that space-station opera- 
tions and landings on the moon can 
be simulated. 


At right, N. V. Petersen discusses 
moonlanding technique with John 
Gustavson (left), acting president, 
and Louis Crider, acting vice-presi- 
dent, of the proposed ARS Arrowhead 
Section in California during — the 
group’s first meeting. 


ARS Section for Long Island 


ARS President John P. Stapp re- 
cently presented a charter to the 
newly formed Nassau-Suffolk Section 
of the Society at the Town House in 
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Threats from the quiet reaches of space 


can now be considered potential threats . . . 
and defense against them a_ necessity. 
Raytheon Company’s Missile Systems Di- 
vision is already far into this vital defense 
program. Working with concepts far in 
advance of those which govern the SPARROW 
III and HAwk, Raytheon engineers are mix- 
ing imagination with talent . . . constantly 
probing, analyzing, modifying. Working in 
an environment where the creative mind 
has room to think, these men are facing the 
future today . . . solving tomorrow’s defense 
problems now. 

Raytheon has room for more such men in 
all of the following fields: OPERATIONS 
ANALYSIS MICROWAVE RADAR SYSTEMS 
DATA PROCESSING * SYSTEMS ANALYSIS « 
PACKAGING * TUBE TECHNOLOGY. 

These are positions in the nation’s only 
electronics company with prime contracts 
for two major missile systems. . . an organ- 
ization growing at a fabulous rate. They 
offer fine living conditions too . . . in New 
England, only minutes from Boston’s un- 
surpassed educational facilities. Modern 
company benefits and relocation assistance. 

Your resume will receive prompt atten- 
tion. Please address it to: Mr. Richard K. 
Malcolm, Coordinator of Employment, 
Missile Systems Division, Raytheon Com- 
pany, 520 Winter Street, Waltham, Mass. 


MISSILE 
SYSTEMS 
D/V/IS/ION 
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The new Section was 
organized to provide improved serv- 
ices for the great number of engineers 
and scientists employed in the field of 


Huntington. 


astronautics on Long Island. Plans 
are now being formulated for mem- 
bership, technical meetings, commit- 
tee activities, and educational pro- 
grams. Programs will consist of lec- 
tures, films, symposiums, roundtable 
discussions, and field trips. 

In addition to presenting the char- 
ter, Col. Stapp, Chief of WADC’s 
Aeromedical Laboratory, discussed 
the deveiopment of space capsules 
and the results of the Air Force Man 
High project. 


Gold Medal for Goddard 


President Eisenhower signed a bill 
in mid-September authorizing issuance 
of a special gold medal to the late Dr. 
Robert H. Goddard in recognition of 
his pioneering achievements in rocket 
research. 


Propellent Conference 
Proceedings Put Off 


Labor difficulties at the Ohio State 
Univ. print shop have resulted in post- 


ponement of publication of the ARS 
Propellant Thermodynamics and Han- 
dling Conference until January. The 
volume, now expected to be some 
350-400 pages long, is still available at 
the original price of $2.50, and may be 
ordered from the Ohio State Univ. En- 
gineering Experiment Station, 156 
West 19th Ave., Columbus 10, Ohio. 
Checks should be made payable to 
Ohio State Univ. 


ARS Holds Workshop 
On Youth Program 


An ARS Youth Program Workshop 
was held at Princeton Univ., Sept. 25- 
26. The meeting, chaired by J. Preston 
Layton, ARS National Board Member 
and vice-chairman of the ARS Mem- 
bership Committee, was attended by 
representatives of a number of ARS 
Sections which have been active in 
youth work, the Boy Scouts of 
America, the U. S. Department of 
Health, Education and Welfare, and 
the ARS national headquarters staff. 

In the course of the two-day meet- 
ing, the group produced a proposed 
ARS Youth Program which will be pre- 
sented to the National Board at its 
meeting in Washington, D.C., this 
month. 


1960 ARS Meeting Schedule 
Abstract 
Date Meeting Location Deadline 
Jan. 28-29 Solid Propellants Princeton Univ. Past 
Conference 
March 23-25 Ground Support Detroit, Mich. Past 
Equipment 
Conference 
April 6-8 Structures and Santa Barbara, Dec. 15 
Materials Calif. 
Conference 
May 9-12 ARS Semi-Annual Los Angeles, Calif. Jan. 18 
Meeting and 
Astronautical | 
Exposition 
May 23-25 National Telemeter- Santa Monica, Feb. | 
ing Conference Calif. 
Aug. 15-20 1th International Stockholm, Sweden April 15 
Astronautical 
Congress 
Dec. 5-8 ARS Annual Washington, D.C. Aug. 25 
Meeting and 
Astronautical 
Exposition 
Send all abstracts to Meetings Manager, ARS, 500 Fifth Ave., New York 36, N.Y. 
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A Tourist’s View of Russig 


ATE AMERICAN 
ate ROCKET 


Richard D. Geckler, Aerojet-General 
vice-president, described his impres. 
sions of Russia to a recent meeting of 


the Sacramento Section. Flanking 
him above are L. J. Bornstein (left) 
and C. M. Beighley (right), vice- 
president and _ past-president, respec- 
tively, of the Sacramento Section. 


Three More Companies 
Become ARS Members 


Three more companies have become 
corporate members of the AMERICAN 
Rocker Society. The companies, 
their areas of activity, and _ those 
named to represent them in Society 
activities are: 


Aeroscience, Inc., Rosemead, Calif. 
engaged in design and fabrication of 
rocket test facilities, load cells, pres- 
sure transducers, ground test equip- 
ment, and_ precision instruments. 
Representing the company in ARS are 
Joseph F. Ganahl, president; A. New- 
man Ormond, vice-president, research 
and development; Thurlow M. Mor- 
row, director, special products; Shirrel 
R. Young, director, design; Charles P. 
Kries, executive vice-president; and 
Arthur R. McCarthy, design engineer. 


The Budd Company, Philadelphia, 
Pa., engaged in development and 
manufacture of advanced missile and 
space-vehicle structures and functional 
elements handling equipment; metal- 
lurgical and welding research; and 
experimental testing techniques in- 
cluding environmental — simulation. 
Named to represent the company in 
ARS are J. H. Buck, vice-president and 
general manager, Tatnall Measuring 
System Co., and the Nuclear Systems 
Div.; John B. Darrah, vice-president 
and general manager, Defense Div.; 
William H. Knowles Jr., sales manager, 
Defense Div.; H. D. VanSciver II, 
director of research; and E. R. Wisner, 
manager, military product sales, Rail- 
way Div. 


Minneapolis-Honeywell Regulator 
Co., Military Products Group, Minne- 


i 


The man: 


... a launch-control specialist in a 
Thor SAC squadron. His instruments 
report each automatic step in the 
launching procedure of the big IRBM. 
U.S. Air Force and Royal Air Force 
missilemen are receiving Thor training 
side-by-side . . . have readied and 
fired these missiles within a 20-minute 
count-down. 


The missions: 


...aremany—because of the Douglas 
Thor’s versatility. As a highly mobile 
weapon with atomic capability, it 
sternly warns potential enemies 
against aggression. As a powerful and 
reliable booster, it is playing a leading 
role in our exploration of outer space 
with satellites and probes. 


SAC INTERMEDIATE RANGE BALLISTIC MISSILE 


The missile: 


... can destroy targets as far as 1500 
miles away within minutes after hos- 
tile action is detected. Douglas Thor 
missiles were the first intermediate 
range ballistic missiles to be deployed 
overseas. The United Kingdom has 
announced the delivery of the first 
Thors, for operation by Royal Air 
Force personnel. 


# 
Depend on D O U GLAS 


The Nation's Partner in Defense 
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apolis, Minn., designs and manutfac- 
tures components and systems for air- 
craft and missile fabrication, including 
automatic flight control systems, iner- 
tial guidance, and related instrumenta- 
tion and control systems. Represent- 
ing the company in ARS are Elden 
H. Olson, director of aeronautical en- 
gineering, Aeronautical Div.; Welsey 
O. Gerboth, project supervisor, spe- 
cial weapons, Ordnance Div.; John 
W. Anderson, director of engineering, 
Inertial Guidance Center; George J. 
Schwartz, vice-president and general 
manager, Boston Div.; and M. B. Taft, 
general manager, Missile Equipment 
Div. 


SECTIONS 

Holloman Section: The Section 
held its monthly dinner meeting in 
August at the Officers’ Open Mess of 
Holloman AFB. President Knox Mill- 
saps opened the meeting by introduc- 
ing Maj. Gen. and Mrs. Daniel E. 
Hooks, Dr. and Mrs. Albert H. Blatt, 
and Dr. and Mrs. Gerard H. de 
Vaucouleurs. Gen. Hooks is the AF 
Missile Development Center com- 
mander; Dr. Blatt is a distinguished or- 
ganic chemist with Queens College; 
and Dr. de Vaucouleurs, the honored 
guest and featured speaker, is the 
noted astrophysicist now at Harvard 
Observatory. 


Combustion Institute Western States Section Fall Meeting on 
Chemical Equilibria and Performance of High Temperature Com- 


Annual Convention of Society for Nondestructive Testing, Hotel 


8th Annual Instrumentation Conference sponsored by Louisiana Poly- 


IRE Instrumentation Conference and Exhibit, Atlanta Biltmore Hotel, 


ARS 14th Annual Meeting and Astronautical Exposition, 


Symposium on Solid State Devices, sponsored by ISA, AIEE, IRE, 


First International Space Science Symposium, and COSPAR Plenary 


6th Annual Meeting of American Astronautical Society, N.Y.C. 


ARS Solid Propellants Conference, Princeton Univ., Princeton, 


ISA Instrument-Automation Conference and Exhibit, Houston Coli- 


IRE Winter Convention on Military Electronics, Ambassador Hotel, 


AIEE Symposium on Engineering Aspects of Magnetohydrodynamics, 


National Meeting of the Institute of Environmental Sciences, Biltmore 


IRE-AIEE Western Joint Computer Conference, San Francisco. 


AIME Southwest Metals and Minerals Conference, Ambassador Hotel, 


10th International Congress of Applied Mechanics, Congress Bldg., 


On the calendar 
1959 
Nov. 2-5 
bustion Systems, IAS Building, Los Angeles. 
Nov. 2-6 
Hamilton, Chicago. 
Nov. 5-6 
technic Institute School of Engineering, Ruston, La. 
Nov. 9-11 
Atlanta, Ga. 
Nov. 15-19 
Washington, D.C. 
Nov. 23-24 
Benjamin Franklin Hotel, Philadelphia. 
1960 
Jan. 11-16 
Session, sponsored by COSPAR, Nice, France. 
Jan. 14-20 
Jan. 28-29 
Feb. 1-5 
seum, Houston, Tex. 
Feb. 3-5 
Los Angeles. 
Feb. 18-19 
Univ. of Pennsylvania, Philadelphia. 
April 6-8 
Hotel, Los Angeles. 
May 3-5 
April 21-22 
Los Angeles, Calif. 
Aug. 
Sept. 7 Stresa, Italy. 
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Following the dinner, Dr. de Vau- 
couleurs discussed the latest informa. 
tion on the planet Venus, and ex. 
plained the application of the latest 
techniques in optical and radio astron- 
omy that have dispelled much of our 
ignorance of the nearest planet. 

By careful observation and analysis, 
he said, the properties of the atmos- 
phere of Venus have been reasonably 
well estimated. The conditions of 
Venus likely to be encountered by a 
space traveler are now fairly well 
known. The welcome by Venus for 
our intrepid astronauts will certainly 
be warm, but it will hardly be hos- 
pitable in any terrestrial sense of the 
term. 

Man from the earth, concluded Dr, 
de Vaucouleurs, when he sets foot on 
Venus, will have to be very well in- 
sulated, and he will have to contend 
with the concentration of dust which 
seems to fill the lower Venusian at- 
mosphere. 

—Lt. Col. Harry L. Gephart, USAF 


Houston: The theme of the Sep- 
tember meeting of the Section was 
“Ultra-Sonic Inspection.” Members 
learned about the use of sound inspec- 
tion in the construction of rocket 
bodies and motors and similar con- 
structions. Also, color films of some 
recent ICBM firings at Cape Canaveral 
were shown. 

The new officers for this year are 
Lawrence Megow, president; Dennis 
Ashton, vice-president; C. B. Schrei- 
ber, treasurer; and J. B. Dancer, sec- 
retary. 

—Ronald Pinkenburg 


Sacramento: “A Tourist’s View- 
point of Russia” was presented by 
Richard D. Geckler, vice-president of 
Aerojet-General for its Solid Rocket 
Plant, at the July meeting of the Sec- 
tion. (The speaker was an_ invited 
guest at the 52nd General Confer- 
ence of the Fédération Aeronautique 
Internationale held in Mcscow; a pre- 
arranged tour of several cities in Russia 
followed the conference.) He com- 
mented on his experiences and _pre- 
sented numerous color slides of Rus- 
sian people and scenes. 

In Moscow, after some difficulties 
with Intourist, the Soviet Tourist 
Agency, he was allowed to visit a 
Russian bookstore with an interpreter. 
His experience, in his own words, is 
interesting. 

“The interpreter rushed me so that I 
was only able to thumb the pages of 
a few books without much comprehen- 
sion of them. Selecting what ap- 
peared to be a promising book on 
guided missiles, I paid for it and 
rushed off to a reception. Later that 
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This one new product 
answers 4 basic thermal 
— requirements 


high heat capacity 
plus erosion resistance 


high strength 


Combines the capabilities of asbestos-reinforced plastic 
with the dramatically low conductivity of MIN<i) insulation! 


New Min-Klad insulation may well be 
the most significant advance ever made 
in missile and rocket insulation. 


Developed by Johns-Manville re- 
search scientists, Min-Klad is the only 
product of its kind, a permanent lami- 
nation of the missile industry’s two most 
effective high-temperature materials: 
1) reinforced plastic and 2) J-M’s 
recently developed Min-K insulation. 


Does more than plastic alone 


Min-Klad gives the missile designer all 
the advantages of high-temperature 
plastic: Strength, toughness, rigidity! 
Erosion resistance! High heat capac- 
ity! Yet Min-Klad does more. 


It also insulates . . . and with dra- 
matic effectiveness! Its insulating ele- 
ment is J-M’s Min-K, an insulation with 


thermal conductivity that is actually 


lower than the molecular conductivity 
of still air. And this conductivity 
(already less than half that of the best 
fibrous insulations) drops still further 
with altitude. At 10 miles, for example, 
it is decreased by as much as 40%, with 
further decreases at greater altitudes. 


Wide range of applications 


Min-Klad offers the missile and rocket 
designer a rich choice of heat-control 
possibilities. It may be used for a part 
that must insulate, yet have the struc- 
tural advantages of plastic. Where re- 
quirements call for a scuff- and erosion- 
resistant insulating surface...or for a 
good adhesive bond between Min-K 
insulation and other surfaces. Or, it 
may be used to control high transient 


JOHNS-M 


MIN-KLAD In 


temperatures! For high heat capacity 
of asbestos-reinforced plastic combined 
with the low conductivity and heat ca- 
pacity of Min-K result in a product that 
provides minimum heat transfer under 
transient conditions. 


Min-Klad is now being tested for ap- 
proximately two dozen missile and 
rocket designs. Why not investigate this 
new material for your present thermal 
requirements? Upon request, we'll be 
pleased to send you a sample of the 
material along with detailed technical 
information. Write Johns-Manville, 
Box 14, New York 16, New York. (Ask, 
too, for information on Min-K insula- 
tion and the new aviation insulation 
brochure IN-185A.) In Canada: Port 
Credit, Ontario. 


JOHNS -MANVILL 
4 


PRODUCTS 
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Test information punched in these 
cards can provide detailed per- 
formance reliability statistics on 
Trimpot production. The cards summarize extensive envi- 
ronmental tests which Bourns regularly conducts above and 
beyond regular quality control. In Bourns’ own Reliability 


Assurance Laboratory, monthly samples are taken at random 
from factory stocks and completely tested for conformance 


to all environmental and electrical specifications on Trimpot 
catalog sheets. Results can then be fed into IBM computers 
which analyze performance data with corrective action taken 
immediately, if required! 

This program is the only one of its kind in the industry. Only 
Trimpot potentiometers are tested so thoroughly, so fre- 
quently. In short, Trimpot reliability is a fact—one you can 
put in your next circuit. 
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PUNCHED CARDS ARE USED TO TABULATE BOURNS RELIABILITY DATA FROM - 


Complete Quality Control Like This... 


Trimpot reliability starts at the beginning. 
Here an incoming lot of potentiometer lead- 
screws undergoes a dimensional check. 


From the time the element is wound until 
the lid of the potentiometer is installed, in- 
process inspection monitors quality. 


And Reliability Assurance Tests Like These... 


This vibrator for measuring conformance to 
Mil-Specs is an important part of the exten- 
sive equipment in Bourns Reliability 
Assurance Laboratory. 


This chamber subjects potentiometers to 
standard military tests for humidity, pro- 
vides important feedback on product per- 
formance. 


When tests are completed and the results 
tabulated, Bourns engineers plot frequency 
distribution curves from the steady flow of 
test results. Analysis of these curves and 
other data from testing provides a continu- 
ing check on all models to see that they meet 
the most exacting standards of performance. 
This analysis and the constant flow of in- 
formation between the Testing and 
Production departments is your assurance 
that the Trimpot potentiometers you specify 
and purchase will meet specifications. 


Write for the new 8-page folder describing 
the Bourns Reliability Assurance Program 
and a copy of the Trimpot Summary Bro- 
chure. 


100% final inspection is made possible by 
this exclusive high-speed system developed 
by Bourns to test all major electrical charac- 
teristics. Critical dimensions of each unit are 
also checked. 


1000-hour load life testing per Mil-R-19A 
takes place in ovens like this, which hold 
temperatures at desired levels at full rated 
power. 


BOURNS 
Lac. 


P.O. Box 2112k, Riverside, Calif, 
Plants: Riverside. California 


and Ames, lowa 


Exclusive manufacturers of TRIMPOT®, TRIMIT®. Pioneers in potentiometer transducers for position, pressure and acceleration. 
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solid-state power converters: 
voltage regulated, frequency 


DC to DC and DC to AC 


controlled, for missiles, 
lemetering, gyros, servos 


Interelectronics Inter- 
verter solid-state thyra- 
tron-like elements and 
magnetic components 
convert DC to any num- 
ber of voltage regulated 
or controlled frequency 
AC or filtered DC outputs 
from 1 to 1800 watts. 
Light weight, compact, 
90% or better conversion 
efficiency. 

Ultra-reliable in opera- 
tion, no moving parts, 
unharmed by shorting 
output or reversing input 
polarity. Complies with 
MIL specs for shock, ac- 
celeration, vibration, tem- 
perature, RF noise. 

Now in use in major 
missiles, powering tele- 
metering transmitters, ra- 
dar beacons, electronic 
equipment. Single and 
polyphase AC output 
units now power airborne 
and marine missile gyros, 
synchros, servos, mag- 
netic amplifiers. 

Interelectronics — first 
and most experienced in 
the DC input solid-state 
power supply field, pro- 
duces its own solid-state 
gating elements, all mag- 
netic components, has the 
most complete facilities 
and know-how—has de- 
signed and delivered 
more working KVA than 
any other firm! 

For complete engineer- 
ing data write Interelec- 
tronics today, or call 
LUdlow 4-6200 in N. Y. 


INTERELECTRONICS 
CORPORATION 


2432 GR. CONCOURSE, N.Y. 58, N.Y. 
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night, on examining the book more 
carefully, I discovered I had a fine 
Russian translation of Grayson Mer- 
rill’s “Handbook on Guided Missiles,’ 
first published in English. 

“By contrast, if you are fortunate 
enough to have professional acquaint- 
ances in the Soviet Union before your 
trip, it is possible to see a great deal 
more of Russian life without the guid- 
ing hand of Intourist. On the train 
from Moscow to Leningrad, we met a 
professor from the Univ. of Chicago 
who was spending a few weeks dis- 
cussing paleontology with his Russian 
colleagues in the Soviet Academy of 
Sciences. He had been shown the 
greatest hospitality both in the homes 
of the Russian scientists and in their 
laboratories, and apparently had com- 
plete access to their laboratories and 
even to their unpublished works. 

“I was deeply disappointed, but not 
surprised, that I was not able to culti- 
vate the acquaintance of any Soviet 
rocket scientist either at the confer- 
ence itself or during our tour of six 
major Soviet cities. But then, rock- 
etry, after all, is not paleontology.” 

—Ira Nagin 


Southern California: At the August 
meeting of the Section, held at the 
Roger Young Auditorium in Los An- 
geles, H. W. Merrill, vice-president 
and general manager of Martin- 
Denver, discussed the Titan program. 
Titan’s unprecedented success in 
flight-testing is the end result of a 
unique ground-test program (see 
August 1959 Astronautics, page 26). 
In size, thoroughness, variety, and 
scope, there has not been anything like 
its testing program. Going from blue- 
print to successful flight in 40 months, 
Titan has greatly advanced the state of 
the art of producing large missiles. 

—Eric Burgess 


CORPORATE MEMBERS 


Aerojet-General announces merger 
of its Turbo-Machinery Div. with its 
Nucleonics subsidiary. . .At AiRe- 
search Mfg. Div. of Garrett Corp., 
ground has been broken for the first 


increment of a projected | million-sq-ft 
manufacturing and research complex 

. Aluminum Co. of America is build- 
ing a die casting plant at Edison 
Township, N.J., as replacement for 
the 37-year-old Garwood works. 
Atlantic Research Corp. recently ac- 
quired the research and engineering 
firm of Jansky & Bailey, Inc., as a 
wholly-owned subsidiary, and also a 
16 per cent interest in General Com- 
munication Co., which owned J&B. . . 
Bendix Aviation Corp.’s semiconductor 
products expansion program is under- 
way with the start of a 72,000-sq-ft 
facility in N. J... .GE has formed an 
Advanced Projects and Marketing Sec- 
tion within the Ordnance Dept. of the 
Defense Electronics Div. . . Linde Co. 
will build a liquid oxygen plant at Ft. 
Crowder Reservation, Neosho, Mo., to 
serve the Southwestern missile indus- 
try. The company played host to an 
international group of 150 cryogenic 
engineers and scientists during a tour 
of its Pittsburgh plant. 

Marquardt Corp. has established a 
Nuclear System Div. in its Power Sys- 
tems Group. Plans for a $1.25 million 
engineering and administration build- 
ing for the Group have been approved 
by the board. . .RCA plans a 120,000- 
sq-ft plant in Mountaintop, Pa., to be 
devoted exclusively to products of its 
Semiconductor and Materials Div... . 
The new Navy flight-test facility at 
Hanscom AFB, Mass., to be operated 
by Raytheon Co. was recently dedi- 
cated. . Solar Aircraft will build a 
new 62,000-sq-ft engineering and re- 
search building. . .Sylvania Electric 
Products has arranged to purchase 50 
per cent of the capital stock of Fab- 
brica Italiana Valvole Radio Elettriche 
S. p. A. (Fivre), Italy’s leading manu- 
facturer of transmitting and receiving 
tubes. SEP has begun construction of 
a 6000-sq-ft facility for fabrication of 
refractory metals at Towanda, Pa., and 
a 32,000-sq-ft component manufactur- 
ing plant at Santa Cruz, Calif... .New 
manufacturing and testing facilities for 
medium and large rocket motors were 
recently unveiled at the Army’s Long- 
horn Ordnance Works operated by 
Thiokol Chemical. 


ASTRO Covers Available 


In response to a number of re- 
quests, Astronautics is offering 
full-color reprints of its covers. 

These reprints will be in the 
form of laminated plastic display 
plaques, with a metal D-ring on 
the back for easy mounting on a 
wall. The full-size cover, with 


a suitable mat, is mounted on 
1/,-in. rigid hardboard, with 
beveled edges, and over-lami- 
nated with transparent vinyl 
plastic. Size of the plaque is 11 
by 12 in. Cost is $2.00, and 
only a limited supply of covers 
will be available each month. 
The plaques may be obtained 
by writing to Astronautics, 500 
Fifth Ave., New York 36, N.Y. 
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COMVIRONMENTS ... 


(A New Word In Space-Age Technology ) 


... translation: “Combined Environments.” 
STELLARDYNE’S Combined Environments Facil- 
ity simultaneously submits a test unit to any com- 
binations of vibration, acceleration, altitude, high 
and low temperature and humidity concurrent with 
functional operation. 


In addition, STELLARDYNE is equipped to provide, 
per Military Specification, novel single or simple 
environments such as simulation of radiant heat from 
rocket engines, as well as combinations of environ- 


ments such as high and low temperatures with 
vibration and acceleration. Particular skill has been 
attained in simulating transient environments, like 
the rapidly-changing fluid and gaseous temperatures 
occurring in aircraft and missile systems during 
flight. For example, gas temperatures can be con- 
trolled from — 300° to + 800°F, and water-flows 
from 0 to 10,000 gpm in a fraction of a second. These 
are just a few of the many capabilities that make 
STELLARDYNE another word for Space-Age 
“COMVIRONMENTS.” 


STELLARDYNE can test and report on any 
product or component in any dimension or environ- 
ment, as well as in combinations of environments. 
Whatever your requirement — if you need answers 
—STELLARDYNE can help you, reliably, expedi- 
tiously and economically. Your inquiry is invited. 


STELLARDYNE 


LABORATORIES, INC. 
1525 Cuyamaca Street ¢ Gillespie Field 
EI Cajon, California 


Dial Hickory 4-TEST or HI 2-1693 
Los Angeles: STate 2-7679 


WRITE TODAY FOR ILLUSTRATED FACILITIES BROCHURE 
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A PRESSURE PICKUP 


PERFORMANCE: The Type 4-326 Pressure 
Pickup, capable of gage and absolute pressure measurement 
to 10,000 psi, represents CEC’s finest achievement in strain- 
gage transducers. These sealed instruments provide stability, 
acoustic noise isolation, low acceleration response...for such 
applications as rocket test stands. An outstanding feature of 
the 4-326 is provision for adjustment of bridge balance, tem- 
perature compensation, and sensitivity external to the sealed 
strain-gage sensing element, allowing sensitivity and bridge 
unbalance to be set within + 1%. The pickup operates without 
damage at temperatures from —320° F to + 300° F, is rugged— 
usable in a 1000g environment. Write for Bulletin CEC 1620-X4. 


Transducer Division 


CONSOLIDATED ELECTRODYNAMICS /360 sierra madre villa, pasadena, california 


FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE COMPANY, WRITE DIRECTOR OF PERSONNEL 
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Propellants 


(CONTINUED FROM PAGE 45) 


ARS Journal and the papers in the 
ARS Propellant Thermodynamics and 
Handling Conference, available this 
month (see Sept. 1959 Astronautics, 
page 48). In the latter were papers 
on the production, storage, transporta- 
tion, and safety aspects of liquid hy- 
drogen as well as experience in using 
it in engine testing. And, of course, 
the cryogenics conference in Septem- 
ber at the Univ. of California had 
many interesting papers on this sub- 
ject. Centaur, as an application of 
this growing technology, will be a 
pioneer in its field, and will be fol- 
lowed with great interest. 

Fluorine as a high-energy oxidizer 
also received considerable attention 
during the past year. Allied Chemi- 
cal Corp. opened a new plant late last 
year that can deliver tonnage quan- 
tities to rocket laboratories. The han- 
dling of fluorine, a crucial question in 
its application, was the subject of two 
sessions at the ARS Propellant Ther- 
modynamics and Handling Confer- 
ence. Problems of fluorine toxicity 
and handling of spillage and exhaust 
products were discussed, as well as 
production, transportation, and use in 
rocket systems. You can get a hot 
argument going among some rocket 
men over the relative merits of hy- 
drogen-fluorine and hydrogen-oxygen 
systems. 

Work continues on finding storable 
liquid propellants that have a_ high 
specific impulse. Some of this is in 
the realm of fluorine chemistry. (See, 
for example, John F. Gall’s survey 
article in the February 1959 issue 
of the ARS Journal.) Others are 
directed at the light elements as fuels. 

Solid propellants also had a busy 
year as more research was focused on 
control of propellant burning charac- 
teristics and on high-energy elements. 
Much of this is proprietary or classi- 
fied information, or both. It can be 
told that aluminum is an important 
addition to solid propellants for its in- 
fluence on combustion. Also, progress 
has been made in propellant formula- 
tions that make solids less sensitive to 
temperature and pressure. 

The year saw many excellent con- 
tributions in combustion, as attested 
by the articles in our journals and in 
national and international meetings 
too numerous to mention. Progress is 
being made in understanding combus- 
tion oscillations, but there is still a 
long way to go. Oscillatory instabili- 
ties remain a big problem, and are 
usually avoided in particular develop- 
ment projects by expensive cut-and- 
try methods. o¢ 
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DEPENDABILITY 


another outstanding attribute of 


DIMAzZI 


THE STORABLE FUEL 


Performance data on DIMAZINE-powered _ thermal stability, low freezing point, low 
rocket engines in military missiles and satel- shock sensitivity, minimum susceptibility to 
lite launching vehicles shows DIMAZINE contamination and high compatibility with 
to be a highly reliable rocket fuel. almost all metals and appropriate sealing 


DIMAZINE provides fast, dependable hy- materials. 

pergolic starts followed by smooth, stable These manifold advantages combine to 
combustion and easier shutdowns. Depend- make DIMAZINE the outstanding storable 
able instant readiness is assured for years by fuel. We will be pleased to work with you 
its outstanding stability during storage in in evaluating DIMAZINE and to supply 
missiles. It also has high performance, high detailed data on its properties and handling. 


Ni 
UDMH 


Putting ldeas to Work 


Me FOOD MACHINERY AND CHEMICAL CORPORATION 
Westvaco Chlior-Alkali Division 


AND CHEMICAL General Sales Offices: 
teas 161 E. 42nd STREET, NEW YORK 17 
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unsym-Dimethylhydrazine, 
FOOD MACHINERY 


Compiled by Stanley Sarner 


Flight Propulsion Laboratory Dept., 
General Electric Co., Cineinnati 15, Ohio 


UNSYMMETRICAL DIMETHYL HYDRAZINE (UDMH)—(CH:).NNH2 


UDMH is a clear, colorless, hygroscopic 
liquid with a rather sharp ammoniacal or 
fishy odor generally characteristic of or- 
ganic amines. It is one of the best rocket 
fuels available, having excellent physical 
properties and being capable of high- 
energy performance. UDMH may be 
used as a “ready” propellant; it is hyper- 
golic with most high-energy oxidizers; 
and its properties indicate it should make 
an excellent coolant. The accompanying 
tables give some of the properties of this 


fuel. 


Hazards 


UDMH forms flammable or explosive 
mixtures with air from 3 to 45 per cent by 
volume. Its flash point is very low 
(34 F), but its autoignition temperature 
is extremely high (above 575 F). 

UDMH_ is fairly toxic, a maximum 
allowable concentration of 0.5 ppm being 
recommended, but it is not corrosive. A 
respirator with an ammonia canister, 
splashproof goggles, vinyl-coated 
gloves should be worn. If excessive 
splashing is expected, suitable splash- 
proof garments should also be worn. 
Areas of the skin which contact UDMH 
should be thoroughly washed with water. 
Detection levels by odor are much lower 


than hazardous concentrations, giving 
automatic safe warning. 
Materials 

Processing, storage, and shipment 


equipment for UDMH is made of mild 
steel. No known limitation exists on the 
use of nickel, monel, or stainless steels 
303, 304, 316, 321, or 347. Aluminum 
and its alloys and magnesium (Dowmetal 
032) are good. Copper and high copper 
alloys should be tested under proposed 
use conditions since corrosion of copper 
by refluxing UDMH has been observed, 
although brass was essentially inert under 
these conditions. Easy Flow No. 145 
silver solder appears satisfactory for use 
in brazing applications. 

The best elastomers include Teflon, un- 
plasticized Kel-F, polyethylene, Garlock 
gasket 900, Hydrapol rubber, and graph- 
ite. Kel-F, certain butyl rubbers, and 
Hydrapol rubber would be serviceable for 
O-rings. Garlock 900, polyethylene, and 
Teflon have all given excellent service in 
gaskets. Hose materials include flexible 
stainless steel, polyethylene, Teflon, and 
Kel-F. Conventional centrifugal pumps 
with graphite impregnated asbestos or 
braided Teflon packing have been used. 
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In addition, seal-less centrifugal pumps 
can also be used. Xpando and Q-seal 
are satisfactory pipe dopes. Lubricants 
are more difficult to find because of the 
solvent properties of UDMH, but a mix- 
ture of graphite and Apiezon L is cur- 
rently recommended. 

Care should be taken to avoid the in- 
troduction of mercury into UDMH, since 
azide-type products may result. 


Cost and Availability 

Tank car quantities are available. 
Prices on UDMH vary from $8 for one 
pound and $3.50/Ib for 50-Ib quantities 
down to $2.40/lb in 335-Ib drums and 
$1.90/lb for 15 drums or $1.75/Ib for 
tank-car quantities. A price drop to 
about $0.50/Ib at a production rate ¢ 
25 to 50 million pounds per year is es 
mated, 


Table 1 


Freezing Point 

Boiling Point 

Critical Temperature 

Critical Pressure 

Vapor Pressure at 25 C (77 F) 
Density at 25 C (77 F) 
Viscosity at 25 C (77 F) 

Flash Point (Tag closed cup) 
Molecular Weight 

Thermal Conductivity at 25 C 


Physical Properties of UDMH 


=7'1.0'F 
63.1 146 F 
250 C 482 F 
53.5 atm 786 psia 
0.206 atm 3.03 psia 
0.783 g/cm* 48.9 Ib/ft® 
0.51 cps 
34 F 
60.102 
ieee 0.12 Btu/hr ft F 


Heat of Formation (liquid) at 25 C 
Heat of Vaporization at 25 C 
Heat of Fusion at Freezing Point 
Heat of Capacity at 25 C 


Table 2 Chemical Properties of UDMH 


Maximum Allowable Concentration in Air 


+12.7 kcal/mole 
8.37 kcal/mole 
2.41 kcal/mole 
39.2 cal/mole C 
0.5 ppm 


Table 3. Theoretical Performance of UDMH* 


Specific Impulse (sec) Chamber Temperature ** 


Oxidizer 
Frozen Flow 

OQ» 295 
95% HO» 272 
274 
C10;3F 275 
CIF; 269 
RFNA 267 


*P. = 1000 psia; P. = 14.7 psia; optimum O/F ratio. 
** Corresponds to equilibrium flow impulse. 


Equilibrium Flow (Deg K) 
310 3594 
278 2922 
285 3413 
290 3693 
280 2 
276 3222 
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AMCEL PROPULSION INC. 


PROPELLANTS PROPULSION UNITS 
IGNITERS AUXILIARY POWER UNITS 
PYROTECHNICS THRUSTERS 
EXPLOSIVE CHARGES MOTOR DESIGN & DEVELOPMENT 
MISSILE FUELS COMPONENTS & FUZES 
ENERGY CHEMICALS SAFING & ARMING DEVICES 


Amcel Propulsion, Inc., is an affiliate of Celanese Corporation of America. 
It is established to coordinate the manufacturing, research, and production 
of Celanese in a comprehensive missiles program. 


The Amcel plant at Asheville, North Carolina, includes a 1300 acre 

tract with test range, manufacturing facilities, equipment, laboratories, ete. 
This plant is fully equipped for research, development, engineering, 

and prototype production of propellants, propulsion systems, and 

assembly facilities for rockets, missiles, gas generators, auxiliary 

power units, and related items. 

PROPELLANTS 


As a major producer of organic chemicals with a 35 year background of 
research in polymer chemistry, Celanese is uniquely qualified to make 
significant contributions to the science and technology of high energy fuels. 
Many Celanese chemicals, as well as its high alpha cellulose, offer 
important potentialities in this field. Years of experience in nitration 
techniques, and in plastics and fibers production, provide a solid basis 

for the development of more powerful and efficient fuels and 

improved thrust chamber architecture. 


RESEARCH 


Celanese research laboratories at Clarkwood, Texas and Summit, 

New Jersey, will be coordinated with the program at the Amcel piant. 
This integrated program is designed to provide a more complete 
exploration of all phases of the problems of thrust and thrust design. 
Emphasis will be on solid fuels and fuel components, as well as the 
potentialities of original chamber design and construction, propulsion 
unit design and manufacture, and related propellant and explosives fields. 
Amcel Propulsion Inc., 180 Madison Ave., New York 16, N. Y. 


The originality of many aspects of the Amcel program, 

and the potentials they suggest, should be of considerable 
interest to scientists who are or intend to be specializing 

in this field. If your activities are in this area, you are 
invited to get in touch with us. Address 

E. O. Whitman, Personnel Director. 

Amcel Propulsion Inc., 180 Madison Ave., New York 16, N.Y. 


Celanese # 


AN AFFILIATE OF C N OF AMERICA 


ANESE CORPORAT 


| 
| 
| | 
| 
| 
| d 
| 
| 
| 
; < 
4 
| 
| 
| 
| 
i 


Hypersonics 
(CONTINUED FROM PAGE 35) 


take the occurrence of dissociation 
and recombination of air molecules 
into account.?® 

Consideration of the effects of finite 
rates of dissociation and recombina- 
tion upon hypersonic flow fields fixes 
attention on the requirement for fun- 
damental reaction-rate data for dis- 
sociation and recombination rates of 
the components of air, particularly 
oxygen and nitrogen. Despite the lack 
of a universally accepted reaction rate 
theory, some experimental data have 
been taken. Recent among these ex- 
periments are those reported by 
Camac, et al.,!9 and Matthews?! 
wherein the recombination rate for 
oxygen, for example, is shown to be of 
the order of 10!° to 10!® cm® per 
mole?sec at temperatures of concern 
in hypersonic gas dynamics. Also, 
equilibrium composition and thermo- 
dynamic properties of hot air continue 


to be published in convenient form.!* 
To this point, we have discussed in- 
viscid flow fields exclusively. Fay and 
Riddell recently published an analy- 
sis of the hypersonic laminar boundary 
layer at the stagnation point of a blunt 
body for both equilibrium and non- 
equilibrium flow.!* Kemp, et al., ex- 
tended this treatment to regions away 
from the stagnation point of a blunt 
body and reported experimental veri- 
fication of the theory.'4 The graph 
on page 35, shows the theory and ex- 
periment. Agreement between the 
two for this body is quite acceptable. 
Chief among the results shown by 
these theories is an indication that 
the concept of local similarity is a 
valid and useful one in analyzing the 
hypersonic laminar boundary layer 
away from the stagnation point and 
that the use of a noncatalytic surface 
could reduce the rate of heat transfer 
to the surface. Goulard studied the 
quantitative effect of various surface 
recombination rates on the rate of 
heat transfer to the surface.!® 
Considerable progress on the effects 


Mach 19.6 flow over a flat plate, showing evidence of slip flow near 
leading edge, which can be interpreted with aid of graph below. 
Reynolds Number per inch equals 15,670 and Knudsen Number 
equals 1.85 based on leading-edge thickness and local-stream mean 
free path. After Nagamatsu and Sheer (see Reference 48). 
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of burning and other chemical reac- 
tions resulting from mass addition to 
the hypersonic boundary layer was 
made during the subject period. Lees 
reported in detail the effects of reac- 
tions occurring in the laminar and 
turbulent boundary layer involving 
sublimating or vaporizing surface ma- 
terial.!6 He shows that, in the laminar 
hypersonic boundary layer, combustion 
of the surface material can be advan- 
tageous if the heat of sublimation of 
the surface material is comparable with 
the gaseous heat of reaction. Cohen, 
et al., treat a similar problem and 
particularize on a carbon-( graphite) - 
oxygen exothermic reaction.!* 

Attention has begun to be devoted 
to the hypersonic turbulent boundary 
layer. The case for a hypersonic tur- 
bulent boundary layer over a very cool 
surface has been studied and reported 
by Rose, Probstein, and Adams.!5 _ It 
appears that the classical turbulent 
boundary-layer equations can be 
adapted to this problem once proper 
terms accounting for dissociation, re- 
combination, and diffusion of atoms 
and molecules are incorporated into 
the equations. 

None of the above boundary-layer 
theories would be complete without 
knowledge of the transport properties 
of high-temperature dissociated air. 
During the period, such transport 
properties were published by Han- 
sen!® and Scala and Baulknight.?° 


Raises Some Questions 


It is becoming increasingly apparent 
that a desirable lightweight heat-pro- 
tection system for short-time exposure 
at hypersonic flight conditions makes 
use of a melting, vaporizing, or ablat- 
ing surface material. The use of such 
a material, in turn, raises questions 
about the interaction of the material 
leaving the surface with the boundary 
layer, and its effect upon the heat 
transfer to the surface. 

Sutton was among the earliest to 
report a study of this problem, treat- 
ing the case of a melted glassy mate- 
rial flowing contiguously with an ex- 
ternal hypersonic laminar boundary 
layer and finding the melting rate to 
be linearly dependent upon the heat- 
transfer rate.2!_ More recently, a simi- 
lar problem was treated and reported 
by Bethe and Adams.22 This latter 
study included the effects of vaporiza- 
tion and glassy liquids of differing vis- 
cosities. The viscosity directly affects 
the amount of material vaporized. 

With the successful orbiting of satel- 
lite vehicles has come a reawakened 
interest in hypersonic, low-density, gas 
dynamics. It should be immediately 
apparent that the survival time of any 
satellite is dependent upon its low- 
density drag. When designers turned 
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to the methods available for estimat- 
ing low-density aerodynamic drag, it 
became apparent that this time- 
honored field was far from a closed 
subject from the researcher’s point of 
view.23-27 

Along with the awareness that a 
hypersonic boundary layer contained 
particles came the suggestion that the 
paths of these particles could be in- 
fluenced by impressed electromagnetic 
and electrostatic fields. Hypersonic 
body drag and heat transfer might be 
thus controlled, for example. 

A host of papers in this field ap- 


peared during 1958 and 1959. Neu- 
ringer and  Mcllroy,?° Rossow,” 


Kemp,*° Meyer,*!:3+ and Bush*? con- 
cerned themselves with reducing the 
heat transfer from a laminar boundary 
layer flowing around a_ hypersonic 
blunt body to the body surface. It 
was found that magnetic field strengths 
of the order of 100 to 1000 gauss are 
required to reduce heat-transfer rates 
appreciably for naturally ionized 
boundary layers. Bleviss*? treated the 
case of hypersonic Couette flow inter- 
acting with a uniform magnetic field 
normal to the walls. A study of this 
simple geometry helps illustrate in a 
fairly straightforward manner the pos- 
sible effects of a magnetic field on a 
partially ionized laminar boundary 
layer. 


Problem Studied Early 


Most hypersonic bodies, be they 
wings or fuselages, have blunted tips 
or leading edges to reduce heat- 
transfer rate and/or increase the ther- 
mal capacity per unit surface area. 
Because of this, the aerodynamics of 
the inviscid flow field between strong 
leading-edge shockwaves and_ the 
body surface came to early attention of 
aerodynamicists, and considerable 
progress was made prior to 1958. 

Nevertheless, Garabedian and Lie- 
berstein published a fresh approach 
to this problem in 1958.*° In this ap- 
proach, they start out with the shape 
of the shockwave specified and_pro- 
ceed to calculate the body that goes 
with it through a stable scheme of 
computation by finite differences. A 
distinguishing feature of this approach 
is its proper handling of the subsonic 
flow regime, which has always _re- 
mained the most difficult portion of 
the blunt-body flow-field problem. 
Their reported calculations are in ex- 
cellent agreement with experiment. 

Van Dyke reviewed all previous 
solutions to the hypersonic blunt-body 
flow-field problem and proposed a 
numerical method simpler than previ- 
ous ones.*® The agreement of his 
method with that of Garabedian and 
Lieberstein is excellent where the two 
methods have been compared. 


The analogous blunt-leading-edge 
problem for wings has tended to be 
overshadowed by the blunt-body prob- 
lem in recent years. However, Ham- 
mitt recently published an experimen- 
tal and theoretical study of the inter- 
action of the blunted-flat-plate-leading- 
edge bow shockwave with the lami- 
nar boundary layer over the plate.37 
It was found that plate surface pres- 
sures and skin friction were increased 
over that expected for a sharp-leading- 
edge plate and that theory and experi- 
ment were in satisfactory agreement. 


Aeroelastic Studies 


Hypersonics has progressed to the 
point where aeroelastic studies for hy- 
personic wings are being made. One 
of the useful and conceptually simple 
and accurate theories for such analyses 
is the “piston theory” first used by 
Dorrance*® and Lighthill.“® The foun- 
dations of this theory were recently 
elaborated upon by Bird? — The 
theory appears to be quite useful for 
thin wings over a wide range of hy- 
personic Mach numbers. Recent nu- 
merical aeroelastic studies for hyper- 
sonic wings were reported by 
Chawla?! and Morgan, et al.42 The 
latter paper compares the results of 
piston theory with other theories avail- 
able. 

The years 1958 and 1959 were no- 
table for the progress made in devel- 
oping and perfecting hypersonic-gas- 
flow test facilities. Previous years had 
seen the development of shock tube 
and conventional wind-tunnel tech- 
niques to a high degree of perfection. 

Bloxsom reported the development 
of a technique of heating a reservoir 
of air to high temperature by conden- 
ser discharge.** This approach led to 
the so-called “hotshot” wind tunnel. 
The hypersonic shock tunnel—the mar- 
riage between the shock tube and 
wind tunnel—was reported in detail by 
Nagamatsu, et al.44 

Eckert reported a novel device for 
studying partially ionized gas flows.*” 
Eckert’s objective was to develop a 
plasma flow device at temperatures 
not precluding continuous operation. 
The cool mercury plasma tunnel re- 
sulting from this research is shown in 
operation on page 35. The luminosity 
exhibited attests to the partial ioniza- 
tion of mercury vapor by an atom-ion 
collision process controlled by a super- 
imposed radio-frequency discharge. 

Considerable progress was reported 
in 1958 and 1959 toward verifying 
various hypersonics theories with ex- 
periment. Early in 1958 Rose and 
Stark*® reported agreement between 
shock-tube measurements of stagna- 
tion-transfer rates with the laminar- 
boundary-layer stagnation point theory 
of Fay and Kubota,‘7 using 
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Before man can be sent into the emptiness of 
space, we must know how to protect him 
against the hazards of weightlessness and 
cosmic radiation—and how to bring him 
safely back to earth. 


The United States is using every scientific 
means to solve these problems. The satellites 
in the Discoverer program of the Advanced 
Research Projects Agency—Lockheed-built 
Agena vehicles—are one of the means to 
achieve this end. 


ARPA’s Discoverer program is being exe- 
cuted by the Air Force’s Ballistic Missile 
Division, ARDC. Lockheed’s Missiles and 
Space Division is prime contractor and sys- 
tem manager of a team that includes Douglas, 
General Electric and Bell. 


The Agena is by far the nation’s largest satel- 
lite now in orbit—19 feet long, 5 feet in diam- 
eter. It weighs almost a ton when in orbit. 


It was designed to be put into polar orbit— 
the most difficult of all to achieve. Four Agena 
satellites have been placed in completely suc- 
cessful polar orbits; more are on the way. 


As it circles the globe every 90-odd minutes, 
the Agena radios home to its tracking stations 
more than a hundred measurements of the 
space phenomena it encounters and monitors 
its own performance. 


Trickiest part of the job is recovering the 
space capsule. Most satellites tumble and twist 
as they hurtle through their orbits at about 
18,000 miles an hour. The Agena can stabi- 
lize itself on orbit and position itself at the 
exact 60° angle to earth that’s necessary to 
separate the re-entry capsule. 


The capsule’s retro-rocket slows it to safe 
speed for re-entry, then drops away. A para- 
chute floats the capsule earthward for aerial 
recovery by specially modified planes. 


Each time an Agena satellite is launched, 
manned space travel comes closer to reality. 


Agena satellite is America’s most advanced or- 
bital vehicle today —first in the world to achieve 
a polar orbit. Agena’s nose section contains a 
combined re-entry vehicle and recovery capsule. 
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Boosted into space by the 150,000-pound thrust of an Air Force Once in orbit, the Agena satellite radios back to its tracking sta- 
Thor missile, the second-stage Agena satellite is powered into or- tions more than a hundred measurements of its performance and 
bit by its own liquid-fuel rocket engine of 15,000 pounds thrust. of the conditions it encounters as it circles the earth at 18,000 mph. 
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a clever technique employing ice 
models in a conventional hypersonic 
tunnel, reported ablation rates in 
agreement with the theory of Lees.!® 

Nagamatsu and Sheer were able to 
create very high Mach number flows 
using their shock tunnel.48 Surface- 
pressure measurements were made on 
a series of sharp-leading-edge flat 
plates at Mach numbers from 7.80 to 
19.6. Among their findings were 
agreement with previously proposed 
shockwave—boundary layer,  strong- 
interaction theory. Perhaps more sig- 
nificant was photographic evidence of 
the occurrence of slipflow near the 
sharp leading edge, The picture on 
page 78 is a Schlieren photograph 
taken at Mach 19.6. The curvature 
in the shockwave near the leading 
edge can be interpreted as evidence 
of slipflow with the aid of the graph 
associated with the photo. 

Not all studies of dissociation in a 
gas stream need be concerned with 
high-temperature gas flows. Wege- 
ner, et al.,?° reported a study of the 
effect of recombination of dissociated 
N.2O, on the flow field as it flows from 
a heated reservoir through an expand- 
ing nozzle to a Mach number of 1.9. 
Since NO, dissociates at a fairly low 
temperature (the supply temperature 
in these experiments was about 
360 conventional wind-tunnel 
techniques can be used with their con- 
current large test sections and long 
running times. This technique opens 
a new experimental approach to study- 
ing chemical reactions in a gas stream. 

Demetriades was able to find the 
existence of damped and undamped 
oscillations within a laminar boundary 
layer over a flat plate in a Mach-5.8 
wind tunnel.°*° These measurements 
appear to lend support to boundary 
layer stability theory at a much higher 
Mach number than heretofore investi- 
gated. 

Talbot, et al,°! reported the meas- 
urement of pressure distributions over 
blunted cones at low Reynolds num- 
bers and Mach numbers from 3.6 to 
5.8. In general, these results appear 
to agree with measurements taken at 
the same Mach numbers at much 
higher densities. Satisfactory agree- 
ment with appropriate theory was 
shown. 

Experiments magnetohydrody- 
namics reported included those of 
Patrick and Brogan*? who reported the 
results of a theoretical experi- 
mental investigation of the interac- 
tion of a steady magnetic field on a 
one-dimensional inviscid, _compress- 
ible flow. Satisfactory agreement be- 
tween theory and experiment was 
found in this pioneering effort to ob- 
tain experimental verification of the 
multicomponent magnetogasdynamic 
theory. 


No report on progress in hyper- 
sonics would be complete without re- 
ferring to progress in end products, in- 
cluding, for example, re-entry nose 
cones. The ever-increasing occurrence 
of the announcement that a success- 
ful long-range flight of an ICBM nose 
cone has taken place is taken as evi- 
dence that design practices based upon 
hypersonic theory are sound and that 
laboratory success is duplicated in full- 
scale free-flight tests. 

The appearance of a text in hyper- 
sonics helps signal the maturity of 
this new branch of the sciences, 
Hayes and Probstein’s book serves as 
an excellent testimonial to the prog- 
ress made to date in this rapidly ad- 
vancing field.** 
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(and aircraft) projects, there have 
been a number of unsuccessful shots in 
the various programs involving these 
missiles. One of the disadvantages of 
the great public interest in spaceflight 
is undue concern over each failure. 
More important in the long run is the 
variety of successful shots which in- 
volved several different missiles and 
many different contractors — and 
agencies. The chief conclusion to be 
drawn from these successful shots is 
that a great capability for space- 
vehicle design, construction, and 
operation is growing steadily among 
many different organizations in this 
country. 

Plans for the future have now been 
formulated which would have been 
ridiculed only two years ago. The 
Saturn booster, a device which at 11/, 
million Ib of thrust is about four times 
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as powerful as either the Atlas or the 
Titan, is under construction. Addi- 
tional high-performance stages (Vega 
and Centaur) are planned for the 
Atlas which will give substantially 
higher probe capability than any to 
date. A 1'/, million-lb-thrust single- 
chamber booster engine is under de- 
velopment, and plans are underway 
for utilization of clusters of these en- 
gines in NASA’s Nova vehicle. This 
is the largest rocket vehicle programed 
to date, and is adequate for placing 
Man on the moon and returning him 
to earth. 


Returning from Space 


The problems of returning from 
space are being tackled vigorously in 
the NASA Mercury project. Success- 


ful nose cone re-entry experiments of 
the last year indicate a solution to a 
problem once thought to be almost in- 
soluble, and generate confidence that 
return from space can be successful. 


Moreover, the next generation of 
space propulsion systems may have 
been instigated with the successful fir- 
ing of the first nuclear-rocket motor, 
Kiwi-A. It is too early yet to ascertain 
the actual impact of nuclear rockets 
upon spaceflight, just as it was too 
early to see completely the effects of 
the jet engine on aircraft development 
in 1945. 

Further refinement of missile sys- 
tems as the most effective weapons of 
the future seems inevitable. The array 
of space vehicles under development 
represents a substantial space capabil- 
ity up to and including placing several 
men on the moon and returning them 
safely. Furthermore, it is not en- 
visioned that large technological break- 
throughs will be required to implement 
these vehicles, although high-level en- 
gineering efforts will be required. 

Hence, the state of the art in space- 
vehicle design clearly seems ready for 
large expansion into major space opera- 
tions. o¢ 
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Power Systems 


(CONTINUED FROM PAGE 44 ) 


with storage of gaseous hydrogen and 
liquid oxygen. Depending upon mis- 
sion duration, less than 1.21 Ib/kwh 
appears possible if methods of liquid- 
hydrogen storage can be developed. 

Regenerative fuel cell systems may 
employ nuclear or solar energy to dis- 
sociate compounds which can then 
recombine in a fuel cell. Closed-cycle 
fuel cell systems which appear promis- 
ing include the hydrox cell (HO), 
NOCL, and lithium hydride types. 
Severe developmental problems _in- 
clude efficient photochemical or high- 
temperature thermal regeneration of 
fuel and product separation in a 
zero-g environment. It appears that 
closed-cycle fuel cells may become 
competitive in medium-powered (<10 
kw) applications, offering within the 
next few years specific weights of 
100-50 Ib/kw and over-all conversion 
efficiencies on the order of 10 to 20 per 
cent. 

Solar Cell. The solar cell is a photo- 
voltaic cell: which directly converts the 
energy of incident solar photons to 
electric current. Present cells made of 
doped crystalline silicon have achieved 
solar-radiation conversion efficiencies 
of 15 per cent in laboratory specimens. 
Cells can be obtained commercially 


with guaranteed efficiencies of 9 per 
cent at room temperature. The out- 
put voltage of a single cell is approxi- 
mately 0.4 volt in use; series circuits 
are required for high-voltage outputs. 
Solar-cell arrays with weight on the 
order of 0.5 lb/sq ft are currently prac- 
tical. With the supporting framework 
and other auxiliary equipment in- 
cluded, a solar-cell power system could 
provide on the order of 150-100 Ib/ 
kw with present techniques. 


May Become Workhorse 


For the immediate future, solar 
cells may become the workhorse power 
system for space until more advanced 
solar or nuclear systems are developed. 
Improvements may include lighter 
supporting structures, new materials 
with higher conversion efficiency, and 
the use of spectrally selective filters 
for control of low-temperature emis- 
sivity. These improvements should 
lead to specific weights on the order 
of 50 lb/kw within the next few years. 

The present cost of solar cells is 
high—on the order of $3/cm?, or 
equivalently about $300/watt. Im- 
proved manufacturing techniques may 
halve this cost in the near future. A 
system using solar cells encounters 
two problems common to all systems 
using solar energy: The need for ori- 
entation and a lightweight, efficient 


Nuclear Turbogenerator for Space Vehicles 


The model shows GE proposal for nuclear turbogenerator, 
within the reach of near-future technology, for supplying 
power to space vehicles with electrical propulsion systems. 
This system—envisaged as about 70 ft long, 12 ft in diam, 
and 13,000 lb in weight—would use a liquefied metal such 
as potassium as a working fluid. 


Sighting on Solar Power 


Niles Schuh (left) and Ralph Tallent, 
research engineers with Westinghouse 
and Boeing, respectively, put a bench 
model of their solar-powered thermo- 
electric generator for space vehicles 
through a run. The generator with- 
out the aluminum mirror and frame 
weighs 3 lb and is designed to deliver 
2.5 watts. 


storage device for use in a satellite or- 
bit. The solar cell accepts radiation 
throughout a 180-deg field angle, mak- 
ing unoriented or semioriented systems 
possible at the cost of using more cells. 

Solar-Thermal. Solar-thermal sys- 
tems for space will use concentrated 
solar energy for heating a material 
which transfers solar energy to ther- 
mionic emitters, thermocouples, dy- 
namic heat engines (e.g., turboalterna- 
tors and reciprocating engines), and 
possibly other energy converters. 
Analysis shows that the weight of the 
concentrator will dominate system 
weight. A parabolic mirror is neces- 
sary to achieve the high temperatures 
necessary for thermionic emitter or 
efficient turbine operation. 


Heavy Structures Used 


The geometrical tolerance on the 
mirror surface should be less than 
+1!/, deg. At present, the only 
method of making large-scale solar 
concentrators with sufficient accuracy 
is by using rigid, heavy structures 
which weigh on the order of 1 to 
2 Ib/sq ft. Experiments with light- 
weight structures, such as_ balloons 
filled with polyurethane foam or um- 
brella-like ribbed structures with thin 
aluminized Mylar stretched over them, 
have not produced sufficient accuracy. 
Construction of an adequate concen- 
trator represents perhaps the major 


November 1959 / Astronautics 89 


| 
q JN 9 | 
a 
4 
a 
ce | 
| 
# | 
ere po | 
| 
J s 
| 
ith | 
et | 
| 
| 
| 
| 
nd | 
be 
lly wii \ | 
4 
4 A 1 | 
| 
| | 
| 
} 
| 


Sterling-Cycle Engine for Space Power 


GM Allison Div.’s Tibor F. Nagey and Herbert L. Karsch 
talk over 1-cu-in. displacement Sterling-cycle generator (on 
table) which can produce 1.5 hp. Proposed by Allison for 
space vehicles, the high-efficiency engine runs off a variety 
of heat sources—solar, chemical, etc. 


problem in developing a solar-thermal 
type of system. 


The thermal-energy converter 
which produces the lightest over-all 
system weight at present is the Rank- 
ine-cycle turbine using mercury as a 
working fluid. The principal advan- 
tage of a turbine over a thermoelec- 
tric device is the high efficiency at- 
tainable (on the order of 30 to 35 
per cent). A Rankine cycle using a 
condensing vapor is preferable to a gas 
cycle (e.g., the Brayton cycle) because 
of the more efficient transfer of waste 
heat to the radiating surface for rejec- 
tion into space and consequent reduc- 
tion of radiator weight. High-tem- 
perature operation is desirable to re- 
duce radiator weight, and the develop- 
ment of turbines using sodium, ru- 
bidium, or other “exotic” working fluids 
will produce lighter systems. Recent 
developments with the Philips engine 
(Sterling cycle) have resulted in de- 
vices 30 to 35 per cent efficient, plac- 
ing this engine in strong competition 
with Rankine turbines if reliability can 
be proved. 

Rapid advancements taking 
place in developing the solid-state 
thermocouple and the thermionic emit- 
ter. Thermocouple efficiency of 14 
per cent has been achieved in the 
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laboratory, and thermocouples of 6 to 8 
per cent efficiency are commonly used 
in such units as the Snap IIT nuclear 
power supply. It is anticipated that 
thermocouple efficiency will rise to 20 
to 25 per cent within 5 years. 


Efficiency Improving 


Thermionic-emitter efficiency of 
20 per cent has been achieved with 
the cesium-vapor diode and 13.5 per 
cent with the vacuum diode. The ce- 
sium diode is still in the experimental 
stage; but a vacuum type capable of 
4 to 5 per cent efficiency will soon be 
commercially available. Attainable 
efficiencies within the next few years 
should rise to the neighborhood of 40 
per cent using vapor and 20 per cent 
using close-spaced vacuum diodes. A 
solar thermionic emitter system could 
be extremely lightweight because of 
its high operating temperature and 
high efficiency, which reduce both 
mirror and radiator weight. The emit- 
ter cathode, however, requires high- 
temperature heat sources (1500 to 
3000 K), which are beyond the capa- 
bilities of nuclear reactors at present 
and in the near future, and can only 
be attained by highly accurate solar 
concentrators. 


Primary because of low efficiencies, 
systems using available thermoelectrig 
devices would be heavier than turbine 
systems because of the increased mir. 
ror, radiator, and other component 
weight. On the other hand, static 
heat engines have the advantage of 
fewer moving parts or fluids in the 
over-all system, and therefore more 
inherent reliability. Thermoelectric 
systems also show advantages at lower 
power ranges (less than 1 kw) where 
dynamic heat-engine efficiency de- 
creases. Specific weights of 75 to 100 
Ib/kw appear possible in the near fu- 
ture in the 1 to 10 kw range. Solar 
cells appear to offer lightest weight at 
the lower power levels (<1 kw). 


Will Become Competitive 


Developments in thermoelectric de- 
vices in the near future will make them 
strongly competitive with dynamic- 
heat-engine systems. The possibility 
exists of placing in series the thermi- 
onic emitter (which uses a very high 
temperature heat source) and thermo- 
couple heat (which uses the rejected 
emitter). 

Nuclear energy sources are logically 
divided into two types, those based 
on nuclear reactors and those based 
on radioisotopes. Nuclear-reactor 
power output is relatively constant for 
long-mission durations, compared to 
radioisotope sources, which have an 
exponentially decreasing power output 
with time. This time decay, coupled 
with the large amounts of power per 
unit mass obtainable with shortlived 
isotopes, bring about weight advan- 
tages in the 10 to 200 day range. 

Major programs are presently ana- 
lyzing and designing systems wherein 
a nuclear heat source provides energy 
to static and/or dynamic heat engines. 
Notable among these programs are the 
Snap developments. The most ad- 
vanced systems experimentally are 
those which utilize Rankine mercury 
turbines in conjunction with radioiso- 
tope and reactor sources at power 
levels less than 10 kw. 

The complex considerations in se- 
lecting a radioisotope include avail- 
ability, cost, half-life, type of decay 
particle, and radiation hazards. It ap- 
pears at present that radioisotope sys- 
tems, because of the previous consid- 
erations, will offer weight advantages 
at power levels of a few kilowatts or 
less. 

For power levels above the range of 
10 to 20 kw and for durations of 
greater than a few days, it appears that 
nuclear reactor-turboelectric systems 
offer the lightest systems for the near 
future. Further development of ther- 
moelectric devices will offer strong 
competition to rotating machinery. 

At high power levels (greater than 
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General Electric moves to 
provide a more effective 


DEFENS 


Top systems management, technical talent are concen. 
trated in Defense Systems Department with a charter 
geared to modern defense needs for: 


© Systems-oriented management 
© Pinpointed authority, responsibility 


@ Full back-up resources 
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RICHARD L. SHETLER 


General Manager 

Defense Systems Department 
Richard L. Shetler is General Manager of the Defense 
Systems Department. One of the Company's out- 
standing system managers, Mr. Shetler’s experience 
has included responsibility for some of the longest 
range radar systems ever built in this country. 


Accelerating technological change, coupled with 
the increased complexity and wider variety of 
choice of weapons and weapons systems, has pro- 
foundly altered the defense requirements on 
industry. 

In line with this requirement, General Electric’s 
Defense Systems Department, headquartered in 
Syracuse, New York, draws together under one 
roof, the systems capabilities and long-range 
planning functions required to draw on all of 
General Electric to provide the total solution to 
specific defense problems of the military depart- 
ments of the Department of Defense and other 
government agencies. 


UNIQUE SYSTEMS ORGANIZATION 


The Defense Systems Department is a unique 
department within General Electric’s Defense 
Electronics Division. Completely systems-ori- 
ented, DSD has no need for equipment design or 
fabrication facilities. While it determines the 
specifications to be met, the Defense Systems 
Department assigns design and fabrication func- 
tions to other General Electric departments or to 
some subcontractors among the 45,000 suppliers 
to General Electric. 

But overall responsibility to the customer for 
the complete weapon or support system always 
remains within the Defense Systems Department. 
This responsibility is fulfilled through the De- 
partment’s 


e Systems-oriented program management 

e Competent systems engineering 

e Continuous program evaluation 

e Efficient specification and procurement 
These specific capabilities permit the Depart- 


ment to deliver the total system requirement on 
time, with the right quality, and at the specified 
price. 


AUTHORITY, ACCOUNTABILITY 


As the focal point within the Company for a 
specific system effort, the Defense Systems De- 
partment program manager has complete re- 
sponsibility and accountability plus the authority 
necessary for the timely execution of the par- 
ticular program. 


OUTSTANDING COMPETITIVE ADVANTAGES 


The Defense Systems Department offers its cus- 
tomers outstanding qualifications for meeting 
total prime and support system requirements in- 
cluding long-range planning and _ feasibility 
studies. For example, it has... 


Demonstrated systems competence: Recent examples 
include the highly successful radio-command 
guidance system for the USAF’s ATLAS ICBM 
which precisely guided the Atlas into orbit around 
the earth on December 18, as part of Project 
SCORE. 


Full back-up resources: The full range of General 
Electric’s scientific, engineering and manufactur- 
ing skills supports DSD capabilities. 

For example, the Company’s research and de- 
velopment programs, carried on by over 100 
laboratories at an annual cost of 300 million 
dollars, provide the depth of knowledge for vital 
technological break-throughs. 

For more information—or for a copy of brochure 
GED-3760, describing the Department’s defense 
systems capabilities—write to R. L. Shetler, General 
Manager, Defense Systems Department, P.O. Box 
457, Syracuse, New York. 226-1A 
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100 kw) the radiator dominates nu- 
clear system weight, and operating 
conditions should in general be se- 


lected to reduce radiator weight. 
Minimum radiator area occurs at a 
relatively fixed value of the ratio (ap- 
proximately 0.75) of turbine outlet to 
inlet temperature. The heat-source 
temperature should therefore be as 
high as possible to maximize radiator 
temperature and minimize radiator 
area. The radiator must be designed 
with either excess capacity, protective 
devices, or self-sealing mechanisms to 
compensate for destructive effects of 
meteoroids. 

Reactor weight is a comparatively 
small part of the total powerplant 
weight at high power levels, but be- 
comes an appreciable percentage at 
power levels below 100 kw. Shield 
weight is roughly half system weight 
at lower power levels, but becomes ap- 
proximately 20 per cent at high power 
levels. 

In conclusion, the three main types 
of energy systems offer the following 
characteristics: 

Chemical Energy Systems: These 
systems are lightest for short duration 
and/or low power level applications 
where low amounts of energy are con- 
sumed. They will continue to be used 
for some time because of their avail- 


ability, low cost, and reliability of op- 
eration. 

Solar Energy Systems: These sys- 
tems will offer the lightest weight for 
power levels below 10 to 20 kw for 
durations in excess of 100 to 200 days. 
Solar systems face the problem of suit- 
able energy storage and continuous 
orientation. 

Nuclear Energy Systems: Nuclear 
reactor-thermal systems will definitely 
be preferred for high-power levels 


(> 10 kw) within the next few years. 
Static heat engines will offer strong 
competition to turbines when practi- 
cal operating devices reach efficiencies 
on the order of 25 per cent. Major 
problem areas still exist in the area of 
lightweight radiators and shields. 
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Power for 


lon Propulsion 


In Lockheed Missiles and Space 
Div. plan, a nuclear reactor, as 
\ diagramed at left, would acti- 
vate 200 thermionic cells 
arrayed as an outer cylinder to 
give an output of 1000 kw. 
This current would flow over a 
mile-long coaxial cable to space- 
craft and power ion engine, as 
indicated in drawing below. 


“The Search for Space Vehicle Power,” Mis. 
siles and Rockets, July 27, 1959. 

Zwick, E. G. and Zimmerman, R. L., “Space 
Vehicle Power’Systems,’” ARS Paper No. 867-59 
presented at ARS Semi-Annual Meeting, June 
8-11, 1959. 


lon Propulsion 


(CONTINUED FROM PAGE 37) 


rate may be increased by increasing 
the catalyst temperature, an increase 
in the tungsten temperature permits 
operation at higher flow rates and cur- 
rent density levels. However, in the 
temperature and flow-rate ranges of 
interest, thermal radiation losses from 
the hot tungsten can be significant. 
Consequently, it is desirable to operate 
the source at as low a temperature as 
possible, consistent with the require- 
ment that the temperature be above 
the critical temperature for the flow 
rate desired. 

The table on page 96 shows how 
these quantities vary. It should be ob- 
served that, with cesium ions, a specific 
impulse of 5000 sec corresponds to an 
acceleration voltage of about 1600 
volts and a beam power of 1.6 watts/ 
ma. It is easily seen that a high ion 
current density, with the associated 
high source temperature, is a prerequi- 
site to good power efficiency. 

Among the possible directions of 
ion source research in the near fu- 
ture are the following: 

1. Measurement of the ion/atom 
ratio in high-current-density sources. 

2. The development of a catalyst 
which will perform as well as tungsten 
at lower current densities and operat- 
ing temperatures. This is especially 
important for low-I,, accelerators for 
which a low power-loss-per-ma is nec- 
essary, and for which high current 
densities are difficult to obtain, be- 
cause of space-charge saturation limi- 
tations. 

3. The development of a high-tem- 
perature catalyst with a slightly higher 
work function than tungsten. Catalyst 
evaporation rates must also be consid- 
ered in comparing these catalysts. 
possibility might be rhenium, 
which has a work function of 5.1 elec- 
tron volts (polycrystalline form) and a 
high melting point. The table on 
page 96 lists work functions and melt- 
ing points of some metals.” 

4. The investigation of different 
types of source configurations—porous 
plugs, woven grids, louvered struc- 
tures, and others. 

The principal requirement to be 
imposed upon the acceleration system 
for an ion-rocket is that the accelera- 
tion electrodes intercept a minimum 
of accelerated particles. This is nec- 
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2,000 psi and discharge 
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or TESTING, PRESSURIZING, 

DEVELOPMENT WORK 


Write for 
New Technical Data 
and CATALOG 


CENTRAL COMPRESSION SYSTEMS 


CARDAIR 


New data book and catalog belongs in 


your files... when you are planning, de- 
signing or specifying high pressure air and 
gas facilities. Includes description and en- 
gineering data sheets on new or improved 
CARDAIR (formerly Cardox) Central 
Compression Systems—now used by prime 
contractors, suppliers of missile compon- 
ents and controls, testing laboratories .. . 


wherever high pressure —100° F. dew 


point (less than 4 ppm oil content) air, 
helium or nitrogen is required. 


Systems are designed for any degree of 
purification. Wide range of models, skid- 
based fixed or mobile,—pressure ranges 
from 4,000 to 12,000 psi—50 to 150 SCFM. 
Completely engineered systems or package 
units. Backed by 15 years’ successful per- 
formance in high pressure (12,000 ps1) 
gases, including Mil Specs. District offices 
and warehouses throughout country. Mail 
coupon today. 


AIRDOX CARDOX PRODUCTS COMPANY 
High Pressure Pneumatics Division 
307 N. Michigan Ave., Chicago 1, Ill. 


Please send new catalog and data file on 
CARDAIR Central Compression Systems. 


Company 


Cy States 
Western States Distributor: Cr 
General Air Equipment 
824 Hollywood Way, Burbahig 
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Temp, K of Tungsten, €7 watts/cm? 
1100 0.128 1.06 
1150 0.195 1.34 
1200 0.143 1.68 
1250 2.09 
1300 0.158 2.00 
1350 0.167 3.14 
1400 0.157 3.81 
1450 0.183 4.59 
0.192 5.51 


Table 1—Characteristics of a Cesium lon Source 


Total Emissiviiy 


Power Radiated, at Critical Temp, 
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(See Reference 1) 


essary to maintain high power-conver- 
sion efficiency and to minimize elec- 
trode erosion. Various types of simple 
acceleration systems have been pro- 
posed. These include Pierce guns, 
pinched beams, and simple divergent- 
field geometries. It is also necessary 
that the beam not be too divergent; 
otherwise, thrust losses occur. 

It has already been mentioned that 
space-charge limitations on the maxi- 
mum current densities which can be 
drawn from an ion source render 
low-I,,, high-current density accelera- 
tors difficult to design. For example, 
a cesium-ion accelerator with a spe- 
cific impulse of 5000 sec and an ac- 
celeration gap of 1 cm would be space- 
charge-limited to a current density of 
0.300 ma/cm?. The current densities 
attainable at low specific impulse can 
be increased either by decreasing the 
acceleration gap or by turning to an 
accel-decel acceleration system. 


Accel-Decel System 


The first method appears to be com- 
plicated only by the very small spac- 
ings required. With respect to the 
second method, it has been shown by 
Faye, Samuel, and Shockley? that, 
under the appropriate operating con- 
ditions, it is possible to extract large 
current densities from a source with 
high acceleration voltages, and then to 
decelerate these to the desired termi- 
nal voltage without any reduction in 
the current density. Such an accel- 
decel acceleration system has the ad- 
ditional advantage of preventing those 
electrons injected to neutralize the 
beam from flowing back to the positive 
ion source. A diagram of such a sys- 
tem is shown on page 98. Unfortu- 
nately, the accel-decel system suffers 
from certain problems concerned with 
its ion optical aberrations and _ its 
greater susceptibility to power losses 
and erosion at the high voltage accel- 
eration electrode. 

Future accelerator development ef- 
forts may be directed toward: 

1. The development of better an- 


Cesium lon Current Power Radiated Pe 
Unit lon Current, 


ma/cm? watts/ma 
0.088 12.0 
0.308 4.35 
1.08 1.55 
3.24 0.645 
8.95 0.285 
23.0 0.136 
55.0 0.0693 
124 0.0370 
272 0.020 


alytical approximations to charged- 
particle and charged-fluid flow. 

2. The development of analog and 
digital computer representations of 
space-charge flow to permit computer 
design of ion accelerators. 

3. Experiments with actual thrust- 
device ion sources. Some attention 
should be given to the clustering of 
ion-rocket motors, since clustering 
seems to be imperative for actual space 
propulsion. 

4. The problem of electrode erosion. 
A compilation of the existing sputter- 
ing and erosion data would be a nec- 
essary first step. 

5. While most of the present inves- 
tigations are not afflicted with high- 
voltage breakdown problems, these 
problems may arise when small-gap, 
high-field accelerators are sought 
which will operate for extended pe- 
riods of time. 

One of the most pressing unan- 
swered questions regarding ion-rockets 
is that of space-charge neutralization. 
Two methods for accomplishing. this 
result have been proposed. One of 
these consists of injecting electrons 
directly into the beam. Another uti- 
lizes the phenomenon of charge ex- 
change by promoting the interchange 
of an electron between the charged 
ions and a spray of neutral atoms pro- 


Table II—Work Functions and Melt- 
ing Temperatures of Various Metals 


Work Function Melting 


(Photoelectr), Temp, 
Metal eV c 

Ag 4.7 960 
Cc 4.81 3550 
Cr 4.37 1890 
Ir 4.9 2454 
Mo 4.3 2620 
Os 4.5 2700 
Pt 1773 
Re 5.1 3167 
Ta 3027 
Ww 4.4 3370 
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COUNTER MEASURE 


In the silent world of electronic defense, there are two ways’ 
to move and observe—unobserved. One involves the airborne 
jamming equipment LMED is currently producing for the B-52. 
The other is the new Anti-Jamming techniques LMED is cur- 
rently developing for the Air Force to give future weapons 
systems a high degree of countermeasures immunity. Tomor- G 7 
row’s airborne weapons systems will need secure detection 
and reliable countermeasures. LMED is intimately experienced 
in both. For brochure: ‘Moves and Countermoves in an Un- 
ending Struggle for the Electronic Spectrum,” write Dept. 5B. 
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jected across the beam. However, 
both of these solutions are still un- 
proved. 

It may be thought that it is neces- 
sary only to provide electrons to the 
beam and that, because of their vastly 
higher mobility, the electrons will re- 
combine or will distribute themselves 
in such a manner as to eliminate any 
net space charge. However, the prob- 
ability of volume recombination or 
even of electron scattering in ion 
beams with particle densities of 101” 
—101!1/cm? is vanishingly small.4 

Furthermore, calculations indicate 
that the electrons will oscillate trans- 
versely across the beam, leading to 
poor beam neutralization and large 
positive potentials at the center of the 
beam. Since, to first order, the elec- 
trons lose no energy in traversing the 
beam, and since they must be emitted 
outside the beam to avoid filament 
erosion, the electrons oscillate between 
equipotential surfaces lying outside 
the beam. The poorly neutralized ion 
beam will eventually encompass the 
electrons because the beam will di- 
verge laterally as a result of mutual 
repulsion between the ions. However, 
the equipotential surfaces between 
which the electrons oscillate also tend 
to expand with the beam. In addi- 
tion, it can be shown that even if a 
plasma could be established in the 
beam at one time, it would not be 
selfsustaining. 

Other possibilities leading to the 
formation of a neutral plasma do exist. 
There is some theoretical indication 
that “standing waves” across the beam 
are possible with space-charge-limited 
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electron currents. If these higher- 
order-mode solutions to the equations 
of space-charge flow should be the 
preferred modes, great reductions in 
the beam potential would occur. 

It may be asked why it is not suf- 
ficient to simply eject the ions and 
electrons in equal numbers. Why 
does it matter whether the electrons 
and ions mix uniformly immediately 
behind the ship? Also, why is it nec- 
essary to know what happens during 
this mixing process? 

The answer is that, since the elec- 


trostatic forces accelerating the Posi- 
tive ions are conservative forces, the 
ions leaving the cathode region wil] 
lose whatever kinetic energy they have 
gained in falling into the cathode 
region unless the positive space charge 
is neutralized while still in this re. 
gion. Also, the space-charge-gen- 
erated fields behind the ship exert a 
strong perturbing influence on the de- 
sign of the electrostatic lens system 
that focuses the beam. Further, the 
space-charge clouds behind the ship 
can exert field-forces on the ship in a 
manner which has no counterpart with 
chemical rockets. As a result of these 
image forces, a thrust loss will result 
from lateral expansion of the beam 
arising from unneutralized positive 
space charge. This will reduce both 
the power and mass-utilization eff- 
ciencies. Additional wasted energy 
will be associated with the electron 
oscillations. This can also constitute 
a powerful source of electromagnetic 
noise. 

Possible future ion-beam neutraliza- 
tion studies should consist of: 

1. Immediate experimental studies. 
One of the experimental studies con- 
ducted to date has indicated a high 
degree of neutralization, while other 
investigations have pointed toward 
less favorable results. In all these ex- 
periments, precautions must be taken 
to insure that gas focusing and the: 
finite boundary conditions which exist 
in the laboratory do not invalidate the 
extrapolation of laboratory results to 
actual space conditions. 

2. Experimental studies of charge- 
exchange neutralization. 

3. Theoretical studies of beam 
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MISSILE DESIGN WITH HITCO /IN MIND 


Missile design is probably the world’s most exacting technology relative to the need for high tem- © REFRASIL Materials 
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THERMO-COUSTI Materials 
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If you are looking for down-to-earth answers for out-of-this-world high temperature problems, Sues aateiie 
keep HITCO in mind in your Missile Design! 


perature insulation materials. 
HITCO is one of the world’s leading developers and manufacturers of ultra-performance 
thermal materials capable of resisting extremely high temperatures, even up to 15,000°F. tor 


Call or write us for Capabilities Brochure 
and complete Technical Data 
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There ave 7,500 dots shown here. 


This is the number of engineers in the 

eight divisions of Martin. And 40 percent 

of these—the 3,000 dots in the circle— 

are electronics/electrical engineers. 

It is this specialized 

capability that enables Martin to develop 

electronic systems which anticipate the 

exacting demands of the missile-space aye. 
Example: A Martin electronic 

system known as Master Operations Control (MOC) 
has been a vital factor in the exceptional performance 
of TITAN. By automatically 

checking the hundreds of systems necessary 

to successful flight, 

MOC has removed much of the human error 


from complicated countdown procedures. 


The eight divisions of The Martin Company are 
Activation, Baltimore, Cocoa, 
Denver, Nuclear, Orlando, RIAS, and Space Flight. 


neutralization, drawing upon the 
aforementioned experimental results. 
This would include network and elec- 
trolytic-tank computer studies. 


Future Role Promising 


The promise for the future is very 
great. Theoretically, ion-rocket mo- 
tors should be able to provide power 
and mass-utilization efficiencies ap- 
proaching 100 per cent, useful life- 
times of several years, and thrust-to- 
weight ratios which render a variety 
of space missions not only feasible, but 
more economical than if they were 
flown with chemical propulsion sys- 
tems. Since the theoretical limits of 
ion-engines have not yet been closely 
approached, further order-of-magni- 
tude improvements in ion-motor per- 
formance appear likely in the near 
future. 
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subject of the density of the high 
atmosphere. Despite this interest, 
considerable speculation still remains 
concerning density problems. 

Some of the more important work 
accomplished has been in experimental 
work on the solar ultraviolet spectrum 
and in Lyman-alpha observations. The 
whole problem of the physical chemis- 
try of the upper atmosphere and near- 
space has been receiving increased at- 
tention. 


Other Investigations 


These might be called the spectacu- 
lar or “attractive” fields of current in- 
terest. However, investigations are 
also starting or continuing in more 
routine aspects. Problems such as 
auroral phenomenology, turbulence at 
very great height, and “thermal” radi- 
ations from planetary bodies have been 
continuing at an increased pace. All 
of this adds to the storehouse of knowl- 
edge concerning the upper atmosphere 
and space. 

We can look forward during the 
next year to an increase in activity in 
all areas. o¢ 
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In print 


Space Handbook by Robert W. Buch- 
heim and the staff of the Rand 
Corp., Random House, New York, 
1959, 330 pp., illus. $3.95. 


“The report. . .represents the most 
comprehensive unclassified study on 
the subject (of astronautics) now 
available. The report is confined to 
technical and scientific analysis, avoid- 
ing expressions of opinion on policy 
and administrative matters. It studi- 
ously avoids borderline speculative 
judgments on the pace of future de- 
velopments.” 

The above quotation is part of a 
special resolution passed by the House 
Select Committee on Astronautics and 
Space Exploration commending the 
“Space Handbook,” prepared for it 
late last year by Rand Corp. to fulfill 
a need felt by the Committee for “an 
authoritative study in lay terms which 
would set forth clearly the present 
and definitely foreseeable state of the 
art of spaceflight.” 

It provides a perfect description of 
what is unquestionably the most out- 
standing work of its kind to date. 
Random House has performed a pub- 
lic service in making it available in 
this updated hardcover edition at a 
comparatively low cost. It is deserv- 
ing of a place in the library of anyone 
with an interest in astronautics. 

Written in straightforward, factual 
style, and profusely illustrated, it 
covers in logical sequence every aspect 
of astronautics, beginning with a brief 
history of the subject, proceeding to 
a full-scale analysis of space technol- 
ogy and applications, and concluding 
with a rundown on astronautical ac- 
tivities in other countries. 

While it would obviously be impos- 
sible to run through everything cov- 
ered in the book, a brief look at the 
160-page section devoted to astronau- 
tical technology will help suggest its 
comprehensiveness. The section be- 
gins with a look at the space environ- 
ment and proceeds to an analysis of 
trajectories and orbits. Next comes a 
rundown on rocket vehicles, propul- 
sion systems, and propellants. This is 
followed by an examination of internal 
power sources and structures and ma- 
terials. Then come problems involved 
in flight path and orientation control, 
guidance and communication, and ob- 
servation and tracking. Next, a look 
at atmospheric flight, landing, and 
recovery, followed by sections devoted 
to the environment of manned space 
systems, space stations and extrater- 
restrial bases. The effects of nuclear 
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weapons in space come in for discus- 
sion next. Then comes a section on 
cost factors and ground facilities, and, 
finally, a rundown on current develop- 
ments. 

The 100-page section on space ap- 
plications is every bit as detailed, be- 
ginning with an analysis of various 
missions; proceeding to full-scale ex- 
aminations of observation, meteoro- 
logical, navigation, and communica- 
tion satellites; and concluding with a 
rundown on scientific space explora- 
tion which includes a look at experi- 
mental programs now in progress or 
contemplated. 

The jacket blurb for “Space Hand- 
book” states that it will be “the last 
word, for some time to come, on space 
and its exploration.” For once, a 
publisher is not exaggerating. 

—ILH. 


Spaceport U.S.A. by Martin Caidin, 
E. P. Dutton, New York, 1959, 380 
pp., illustrated. $4.95. 


In this, the first full-scale report on 
Cape Canaveral and the AF Missile 
Test Center, Martin Caidin, the most 
prolific writer in the astro-aeronautical 
field today (eight books in two years) 
turns his attention to the free world’s 
largest missile and space vehicle 
launching facility. The result is a 
fascinating account of the men, the 
vehicles, and the physical facilities of 
this vast laboratory of the space age 
which will be as interesting to the 
astronautical engineer and scientist as 
it is to the layman. 

Scarcely a single facet of the great 
complex of facilities which make up 
AFMTC and the Cape has been neg- 
lected. Here you will find a fascinat- 
ing history of the Cape going back to 
1895, full-scale physical descriptions, 
dramatic eyewitness accounts of the 
firing of research rockets, ballistic mis- 
siles and space vehicles, complete de- 
tails about facilities and instrumenta- 
tion of various kinds, and of the people 
at the base, their daily life and their 
work. 

Nor is this all, for the author has 
also treated a number of subjects 
which he, as a writer, has found to be 
of interest. Here, for the first time, 
for example, is a detailed description 
of the censorship problem at the Cape 
and how it was finally solved. Two 
chapters provide full-scale analysis of 
the different approaches taken by the 
Army and the Air Force to the prob- 
lem of designing and building long- 


range missiles and space vehicles. 
One background chapter even contains 
the fascinating suggestion that the V-2 
may have cost Germany the war. 
Adored with more than 40 excel- 
lent line-drawings by Bert Tanner and 
a profusion of excellent photographs, 
this new Caidin effort constitutes the 
definitive work to date on the Cape 
and what makes it tick. 
—LH. 


Russia and the Big Red Lie by Lloyd 
Mallan, Fawcett — Publications, 
Greenwich, Conn., 1959, 144 pp., 
profusely illustrated. $0.75. 


This book, a condensed version of 
which was first published earlier this 
year in True Magazine, is the prod- 
uct of a two-month, 14,000-mile 
junket by the auther and his wife 
through Russia to determine how far 
ahead of the U.S. the Russians are 
scientifically. The trip was sponsored 
by the editorial executives of Fawcett 
publications for the purpose (1) of 
getting “a first-hand report by an ac- 
credited science writer traveling as an 
ordinary American citizen, not as a 
member of government, not as a rank- 
ing officer of the armed forces, not as 
a scientist associated with an official 
organization”; and (2) of securing 
“an honest, unbiased picture of Rus- 
sian achievements in the space field 
and report them as such.” Say the 
editors: “If Russian science was in- 
deed years ahead of American work, 
it had to be so reported.” The book 
is dedicated to Larry Eisinger, editor- 
in-chief, “for many important reasons 
which are best known to him.” 

The book is prefaced with a one- 
page biographical sketch of the author, 
a three-page editorial “apology” en- 
titled “How This Book Came About,” 
and a two-page map of the author's 
itinerary through the Soviet Union, in- 
cluding a list of the 15 strategic points 
visited and the names of 40 Soviet sci- 
entists, 38 of whom were interviewed 
by the author. The author has di- 
vided his account into four parts, 
which the table of contents labels: 
(1) The Lunik Hoax; The Soviet 
Spaceflight Program; (2) The Non- 
existent Russian ICBM; Soviet Mis- 
siles and Rockets; (3) The Myth of 
Soviet Airpower; and (4) The Four 
Faces of the Big Red Lie. 

About 200 photographs _ illustrate 
the book, half were either taken by the 
Mallans themselves in the U.S.S.R. or 
selected from Soviet sources, and half 

(CONTINUED ON PAGE 108) 
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TOMORROW’S MATERIALS TO SHAPE TODAY'S DESIGNS 


Confidence is a driving force on 
today’s drawing boards. It is the engi- 
neer’s confidence that the materials he 
demands can and will be created. 
Swedlow is unique in its ability to 
develop and produce materials to meet 
this demand. These Swedlow develop- 
ments will help you shape today’s 
designs for tomorrow’s air and space 
vehicles. 

@uigh Temperature Welded 
Stainless Steel Honeycomb Core. 
Wide variety of materials and sizes 
to rigid specifications, produced on 
automatic machines. Light, strong, 


temperature and corrosion resistant, 
for bulkheads, fins and many other 
structural assemblies. High Tem- 
perature reinforced plastic parts 
and laminates. Wide variety of com- 
binations to meet exact needs. Flat 
sheets or compound shapes. Minimum 
weight and bulk. Heat resistant. For 
nose cones, exit cones, ducting, shield- 
ing.@ Metallized heat reflective 
laminates. Gold and aluminum coat- 
ings increase radiant heat resistance to 
over 1650°F. Flat sheets or compound 
shapes. Light, strong; for radiant 
heat, heat shielding, exhaust heat 


damping. @Reinforced plastics. 
Continuous and press made sheets and 
molded parts to meet individual 
requirements. Applications include 
mechanical, electrical, electronic, 
phototemplate, decorative, aircraft 
cargo liners, and many others. 
@ Plastic Glazing. Stretched, as-cast, 
monolithic and laminated acrylic 
windows, canopies, windshields, with 
emphasis on high temperature glazing 
applications. Optically polished, tough, 
light weight, resistant to fracture. 
WRITE for technical information 
specifying materials of your interest. 
Please refer to Dept. 17 


SWEDLOW INC. LOS ANGELES 22. CALIFORNIA YOUNGSTOWN 9. OHIO 
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x 
How Garlock’s 
kt 


staff benefits you 


Time is of the essence in the evolution of any missile 
program. That’s why, at Garlock, research and 
development, product design, tool design, pilot man- 
ufacturing, and production staffs work together as a 
fully integrated team with a common objective: 
delivery of high quality rocket motor components in 
the shortest time. Problems of design and production 
are solved jointly, thus eliminating weeks of possible 
redesigning or re-tooling. 


Garlock facilities and experience ... flexible enough 
to swing into prototype production on short notice 
and follow this with full seale production as needed 
. . . diversified enough to design and manufacture 
rocket motor components from a variety of basic 
materials—rubber, metals, phenolics, and fluoro- 
carbon plastics. 

Garlock engineers will work to your design or help 
you in developing designs. Call or write Military 
Products Department, The Garlock Packing Com- 


pany, Palmyra, New York. G —— 


Filament wound rocket 
motor cases made by 
exclusive Garlock method 
result in structure much 
lighter and stronger than 
steel. 


Insulation for solid fuel 
rocket motors made by 
Garlock rubber-like 
compound which encounters 
gas velocities of Mach 3-5, 
temperatures to 5500°F, 
prolonged ambient tem- 
peratures of 300°F, 


| Missile. parts from inert — 
including newly 
developed asbestos-phe- | 
compound for nozzles | 
cones of fivoro- | 
tarbon plastics. 


Garlock metal fittings for 
rocket motor cases such 
as blast tube and thrust 
terminator support rings 
are machined to extreme- 
ly close tolerances. Made 
from special materials 
affording minimum weight, 
maximum strength and 
rigidity. 


Garlock components are pres- 
ently used in the develop- 
ment and production of: 


Vanguard 
Super Vanguard 
Polaris 
Minuteman 
Nike Hercules 
Terrier 

Super Tartar 
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Missile market 


Y the last month the Dow-Jones In- 
dustrial Average tumbled 7.1 per 
cent before rallying to cut its loss to 
4.7 per cent; the Missile Index de- 
clined for the fifth consecutive month, 
dropping 6.4 per cent. General Pre- 
cision Equipment and Raytheon, with 
gains of 50¢ per share, were the only 
Missile Index companies on the up- 
side. 

Unsettlement over the Khrushchev 
visit and the dislocations caused by 
the lengthy steel strike have been 
most frequently mentioned as reasons 
for the market slide. In the missile 
sector, talk about disarmament and 
contract cancellations (high-energy 
fuels and F-108 programs) continue to 
be blamed for its weakness. 

Even as the Soviets impacted on the 
moon, this weakness continued-vivid 
contrast to the heady upward spiral 
into which missile securities took off 
when the first sputniks were orbited, 
two short years ago. 

As interesting as these explanations 
of past stock market behavior may be, 
it is 20/20 foresight, not hindsight, 
investors are seeking. This column 
believes the nation’s robust economic 
health has been impaired by the mala- 
dies of tight money and labor-manage- 
ment strife. Though the economy ap- 
pears vigorous enough to assure re- 
cuperation, some strength has been 
sapped from it and caution is defi- 
nitely advised. Investors should re- 
view their securities, check whether 
earnings are in good health, and see 
if market prices are reasonable in re- 
lation to earning prospects. 

In examining the missile market, to- 
tal expenditures for the coming fiscal 
year seem likely to hold at about pres- 
ent levels, despite the clamor for more 
money for new programs and matur- 
ing projects. To bring supply and de- 
mand into better balance, the Penta- 
gon may negotiate more R&D awards 
at the expense of production contracts; 
and it may cut back or cancel some 
programs to supply funds for more 
promising projects. 

With these thoughts in mind, Gar- 
rett Corp. seems an attractive invest- 
ment at this time. Reasonably priced 
in terms of earnings, and relatively in- 
sulated against cutbacks and cancella- 
tions through its participation in about 
30. different missile programs (not to 
mention important aircraft and com- 
mercial business), Garrett has enjoyed 
excellent sales growth since the end of 
World War II. Revenues, which were 
only $15.5 million in 1946, reached a 
record $193.6 million in fiscal 1959. 
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BY JEROME M. PUSTILNIK, Financial Editor 
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THE MARKET AT A GLANCE 


1000 


Leading Missile Companies* 


JAN APRs oct JAN APR JUL. 
1957 1959 
*Index compiled June, 1955 
| October September | October % 
1 959 | 4 959 Change * 958 Change 
Dow-Jones Industrials 632 —4.7 | +20.0 
Missile Index 870 | 929 | | 694 | +25.5 


Net income per share grew almost as 
lustily—from $0.58 to $4.61—despite a 
near 100 per cent increase in the num- 
ber of shares outstanding. These gains 
reflect Garrett’s continuing effort to in- 
crease its share of the total military 
aircraft and missile procurement dol- 
lar. For example, while total spend- 
ing for major military procurement and 
production have increased 367 per 
cent since 1951, Garrett’s total mili- 
tary sales rose 600 per cent. 

The company functions through 
eight operating divisions. AiResearch 
Mfg. Co. (Los Angeles) produces air- 
craft and missile components and com- 
ponent systems, including cabin air 
compressors and pressure controls; air 
data computing systems; air-condition- 
ing, refrigeration, and electromechani- 
cal equipment; auxiliary power units; 
heat-transfer products; ram-air  tur- 
bines; temperature controls; and_in- 
struments and gauges. AiResearch 
Mfg. Co. (Phoenix) produces pneu- 
matic valves and controls; turboma- 
chinery products including gas turbine 


engines, air turbine starters, and air 
gas turbine motors; and nuclear and 
other advanced experimental products 
in the field of missiles and aircraft. 

AiResearch Industrial Div. produces 
high-performance turbochargers and 
boost pressure controllers for heavy- 
duty diesel engines; industrial type 
valves and other related products for 
the diesel industry. Air Supply Co. 
is the sales and engineering represen- 
tative for suppliers of aeronautical and 
industrial products (which are not 
competitive with Garrett’s) in the 
west, while Aero Engineering does the 
same job in the east; both divisions of- 
fer extensive branch office coverage. 
Garrett Supply Co. is a distributor of 
general tools and industrial supplies, 
rendering specialized engineering 
services to customers. 

AiResearch Aviation Service designs 
and installs custom business aircraft 
interiors and special aeronautical 
equipment; and rebuilds, modifies, and 
maintains aircraft for airlines, the mil- 

(CONTINUED ON PAGE 164) 
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WESTERN GEAR CAN SUPPLY THE SOLUTIONS 


To insure the reliability of the missile, its positioning must be 
accurately and cautiously handled. No matter what mode of 
transportation, truck, rail, air or water, there are Western Gear 
precision drives and related equipment engaged in the touchy and 
delicate task of handling the mighty “‘birds.’’ Moreover, Western Gear's 
extensive experience and facilities enable the company to effectively 
handle your system requirements. 


For complete information on our capabilities and facilities, write on 
your letterhead for Bulletin 5900. 


WESTERN GEAR CORPORATION 
Precision Products Division, P.O. Box 192, Lynwood, California 


5921 
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from Western sources (mostly Ameri- 
can). For the most part, the photo- 
graphs are arranged so as to demon- 
strate the “primitive” nature of Soviet 
equipment in comparison with modern 
American equipment. 

Reading “Russia and the Big Red 
Lie” calls to mind a celebrated line 
from Shakespeare’s Hamlet (Act III, 
Scene 2): “The lady doth protest too 
much, methinks.” In this case, it is 
Mr. Mallan who protests too much by 
overly decrying Soviet capabilities and 
achievements in science and technol- 
ogy—particularly in space technology— 
and disparaging the opinions of Ameri- 
can scientists in support of Soviet 
claims. 

After his two-month mission in the 
U.S.S.R.—seeing hearing only 
what the Soviets permitted him to see 
and hear—Mr. Mallan was thoroughly 
convinced that “The Russia I knew 
was not capable of designing or build- 
ing an effective intercontinental mis- 
sile—or, indeed, any long-range rocket 
that would know where it was going 
before it got there. This Russia was 
a good 20 years behind the U.S. in 
space technology.” This despite three 
Sputniks with their extensive, if unso- 
phisticated, instrumentation! 


That Mr. Mallan was not very well 
prepared for his mission is quite evi- 
dent. He was armed with letters of 
introduction “to prominent Soviet sci- 
entists from their equally prominent 
counterparts in the Free World.” He 
was mildly acquainted with material 
published in a small segment of the 
Soviet popular-science press. But he 
was unaware of a considerable body 
of information published in technical 
journals by Soviet space scientists 
months before he made his pilgrim- 
age to the U.S.S.R. 

Mr. Mallan was also naive enough 
to believe that he could elicit from the 
Russians quasisensitive information 
about their missile and space program 
—information that qualified Western 
scientists have been unable to obtain at 
various international conferences. The 
following example will illustrate what 
happened to Mr. Mallan because of 
his inadequate preparation. 

One of Mr. Mallan’s “key inter- 
views” was with Prof. Gleb Chebo- 
tarev, director of the Institute of Theo- 
retical Astronomy in Leningrad, who 
early in 1957 had published in the 
Institute’s Bulletin a paper entitled 
“A Symmetrical Rocket Trajectory for 
Flight Around the Moon.” A popu- 
lar version of this paper, entitled “Cos- 
mic Boomerang,” appeared in the 
February 1957 issue of the popular- 
science magazine Znanie-Sila (Knowl- 


Fire Engine You Can’t Chase 


This sketch shows a rocket-boosted remote-controlled fire- 
fighter proposed by Solar Aircraft to reduce time in reach- 


ing crashed aircraft. 


Able to cover 5 miles in 40 sec, the 


so-called Firefly would hover by means of a helicopter en- 
gine and deluge fire with as much as a ton of extinguisher. 
Radar and infrared-seeking equipment in the Firefly would, 
through telemetered data, allow a base operator to pick 
place, direction, and amount of extinguisher discharge re- 


motely. 
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edge Is Power), with which Mr. Mal. 
lan is acquainted. The Soviet press, 
according to Mallan, widely touted 
Chebotarev as the head of “Project 
Boomerang,” a planned effort to send 
a rocket around the moon. When 
Mallan asked Chebotarev how close 
the project was to its goal, the answer 
was “I cannot say. I have not yet 
been apprvached by the engineers.” 

This statement must have con- 
vinced Mallan that the Soviets were 
not even planning a lunar rocket, for 
he wrote: “The launching of a lunar 
probe (or solar probe, as the case may 
be) must also be planned very care- 
fully in advance. No such plan ex- 
isted when I was in Russia half a year 
before. One lonely professor had 
made the basic mathematical calcula- 
tions for the idea. No one else seemed 
actively interested, according to his 
own statement.” 

What Mr. Mallan did not know—but 
should have known, and Prof. Chebo- 
tarev did not volunteer to tell him, 
even though it was common knowl 
edge—was that a very extensive study 
of earth-moon rocket trajectories had 
been underway since 1953 at the Stek- 
lov Mathematics Institute in Moscow. 
A summary report by V. A. Egorov, 
entitled “Some Questions on the Dy- 
namics of Flight to the Moon,” ap- 
peared in Doklady Akademii Nauk 
SSSR (Reports of the U.S.S.R. Acad- 
emy of Sciences) of March 1, 1957, 
in which Egorov stated that more than 
600 trajectories had been computed. 
Later, a comprehensive report by the 
same author, “On Some Problems of 
the Dynamics of Flight to the Moon,” 
was published in the September 1957 
issue to Uspekhi Fizicheskikh Nauk 
(Progress in the Physical Sciences). 

Reprints of this report were distrib- 
uted to the participants of the Eighth 
International Astronautical Congress 
in Barcelona in October 1957, about 
the time that Sputnik I was launched. 
Copies of this report, and_ several 
others dealing with astronautics, were 
in the hands of some of the scientists 
who wrote Mallan’s letters of introduc- 
tion! 

Mallan’s case for the nonexistence 
of the Soviet interplanetary rocket 
Mechta (or Lunik, as it is commonly 
called) is based on his belief that the 
signals received by the NASA’s Gold- 
stone tracking station (the only sta- 
tion in the Free World to track the 
vehicle) were questionable and there- 
fore inconclusive. He thus impugns 
the veracity of sworn statements by 
leading American space scientists be- 
fore the U.S. Senate Committee on 
Aeronautics and Space Sciences (Jan. 
29 and 30, 1959). Readers may re- 
call that shortly after the appearance 
of the May issue of True Magazine, 

(CONTINUED ON PAGE 182) 
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NEW COMPUTER PRINCIPLES PROVIDE GREATER RELIABILITY 
Recently developed magnetic devices are being combined with new principles of 
circuit logic to yield advanced electronic systems at the IBM Federal Systems 
Division. Ceramic ferromagnetic wafers provide computer designers with com- 
ponents that are small, versatile and extremely rugged. Used as logical connec- 
tives in computer circuits, these solid state devices will make possible more 
capable computers of greatly reduced size. They will serve with the high degree of 
precision and reliability essential to military applications. At IBM, a major team 
of systems engineers is fulfilling national defense requirements for all types 
of information handling systems. Complete facilities for: Research - Develop- 


ment - Manufacturing - Testing - Product Support - Systems Management. 


FEDERAL 
SYSTEMS DIVISION 
International 

Business Machines 
Corporation 

590 Madison Avenue 


New York 22, N.Y. 
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Boeing Space-Motion 
Simulator 


Riding on a near-frictionless air bear- 
ing, this reaction-control simulator, 
designed by Boeing engineers, tests 
methods for controlling attitude of a 
space vehicle. Either pilot or auto- 
matic system can control the simu- 


lator. 


Military Space Program 
(CONTINUED FROM PAGE 27) 


Furthermore, the Secretary of De- 
fense has announced a plan for the 
eventual transfer of four space proj- 
ects in the final stages of advanced re- 
search under ARPA to the Military 
Departments for operational develop- 
ment. These projects include Samos 
and Midas (AF), Transit (Navy), and 
Courier or Notus (Army). Further 
decisions will be required as to the 
dates for transferring these projects 
from ARPA responsibility. 

This year, ARPA controls projects 
in military space technology costing 
some $400 million, distributed approxi- 
mately as follows: 


Ad vanced reconnaissance 


Defense alarm space ve- 
15% 


Flight-development of 
critical space-vehicle 
components, vehicle de- 
velopment and ground 
35% 

Military support missions, 

e.g., communications 


and navigation ...... 15% 
Feasibility studies and ex- 
ploratory research .... 5% 


Below are some of the details of 
several of the more significant projects, 
all of which are in their early stages. 
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Discoverer 


This project covers the systematic 
probing of the space environment by 
means of satellites. Such probes re- 
quire a wide variety of apparatus and 
techniques to provide us with the 
knowledge essential to military space 
programs. 

Using a Thor booster and an Agena 
(Lockheed) upper stage with a stor- 
able liquid-propellant rocket (Bell 
Aircraft) engine, and with a recover- 
able capsule, the Discoverer was first 
launched in February of this year. 
Several more experimental launchings 
have since been carried out. Its pri- 
mary purpose is to serve as a space- 
based research and development tool 
for exploring new concepts, compo- 
nents, and fundamental problems. 
For example, it provided information 
on attitude control, ground communi- 
cation, capsule ejection, recovery meth- 
ods and techniques, biomedical ex- 
perimentation, research of — special 
fundamental problems, and _ satellite 
trajectory determination. The devel- 
opment of the upper Agena stage has 
direct application to other space ve- 
hicles using this stage. Next year a 
number of additional Discoverer 
launchings are planned from the Pa- 
cific Missile Range (PMR). 


Advanced Reconnaissance Systems 


Continuous inspection of the earth’s 
land areas would do much to insure 
against surprise attack and _ provide 
time for the alerting of retaliatory 
forces and for activating passive civil- 
ian defenses. This capability is being 
explored by ARPA under Project 
Samos. 


Midas 


Just as ancient armies were warned 
by the campfires of their enemies, we 
will be warned of aggression by the 
Missile Defense Alarm Satellites’ de- 
tection of the infrared rays radiated 
by the flame of ICBM’s launched by an 
enemy. Such early warning will make 
it possible to initiate measures to keep 
the missiles from reaching their targets. 

Midas (Missile Defense Alarm Sys- 
tem) is a satelliteborne missile alarm 
system development which uses _in- 
frared for the detection of enemy bal- 
listic missiles and a solar radiation 
system for long-life auxiliary power. 
The early warning which is possible 
with such a system will permit rapid 
initiation of active and passive defense 
measures. A_ series of polar orbits, 
and use of the Atlas-Agena vehicle 
combination is planned. In the next 
year, a few experimental launches 
using low orbits and experimental 
components will be accomplished. 


Transit 


This fulfills an operational need for 
global, precise all-weather navigation. 
The use of satellites for navigation is 
based on the strong similarity between 
accurately known satellites and the 
stars which have been the traditional 
foundation of precise navigation. 
However, a satellite can be equipped 
with a radio to broadcast its location. 
Using the Doppler radio technique, 
Transit determines the position of a 
receiving station on a ship, submarine, 
or airplane with reference to the point 
of nearest approach of the satellite. 
The eventual satellite could carry its 
own ephemeris to improve initial ac- 
curacy and convenience. Thor-Delta 
vehicles are scheduled for launching 
during the next year. 


Communication Satellites 


The need for a reliable, all-weather, 
instantaneous, and jamproof military 
communication system is an old prob- 
lem. The eventual solution will use 
three to four carefully spaced satellites 
in equatorial 24-hr orbits and will pro- 
vide broadband, microwave communi- 
cations by direct line-of-sight trans- 
missions to all parts of the globe. 
Studies and component development 
of this system are planned for next 
year. Its application is in communi- 
cation between ships, submarines, air- 
craft, military bases, and military in- 
stallations. 

As an interim experimental system, 
the Courier satellite will provide active 
repeater relay communications experi- 
ments. Messages received by the 
satellite will be stored on tape, and 
upon a command signal this informa- 
tion will be rebroadcast rapidly as the 
vehicle passes over the receiver ground 
station. It will be capable of provid- 
ing 20 one hundred word-per-minute 
teletype channels of worldwide com- 
munication. For the Courier launch- 
ings next year, several Thor-boosted 
flights are planned. 


Saturn 


Beyond 1962, we will require the 
launch vehicles for putting ten tons 
(or more) into moderate altitude or- 
bits, and two tons (or more) into very 
high orbits. 

The Saturn will fulfill these require- 
ments. It uses a cluster of eight en- 
gines and an array of modified Red- 
stone and Jupiter tanks as the booster, 
a slightly modified Titan as the second 
stage, and a Centaur as the third or 
upper stage. The booster engine 
cluster gives a thrust of 1,500,000 Ib, 
and use of existing proved components 
is expected to enhance the reliability 
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...to make better Teflon’ hose/ 


Resistoflex developed a unique method of quality control called “roll testing” prior 
to the introduction of Fluoroflex*T in 1953. This torture test, in which the tubing is 
compressed in multiple planes, helps to insure the homogenous quality of the hose. 


Long experience with “roll testing” is only one of many reasons for the dependable 

performance of Fluoroflex-T hose. Pneumatic pressure testing—and other control methods 

developed by Resistoflex—are now being written into industry specifications as “standard” 4 
requirements for high quality hose products. 


However, for the best in Teflon, fabricating experience is the most important ingredient. 
With more than 3,000,000 assemblies in service, the reliability of Fluoroflex-T is proven. 
Designers of hydraulic, fuel, pneumatic and ballistic components know they can 

depend on Fluoroflex-T. 

For more information write to Dept. 425, RESISTOFLEX CORPORATION, Roseland, New Jersey. 


® Fluoroflez is a Resistoflez trademark, reg., U. S. pat. off. ® Teflon is DuPont's trademark for TFE fluorocarbon resina 


‘'ginators of high temperature fluorocarbon hose assemblies. = t TI 
FResis oflex 
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Put wings on your 
future, too. 


DOUGLAS AIRCRAFT COMPANY 
MISSILES AND SPACE SYSTEMS 


has immediate openings 
in the following fields— 


Electrical and Electronics: 


Control System Analysis & Design 
Antenna & Radome Design 

Radar System Analysis and Design 
Instrumentation 

Equipment Installation 

Test Procedures 

Logic Design 

Power System Design 


Mechanical Engineering — 
Analysis and Design of the following: 
Servo Units 
Hydraulic Power Systems 
Air Conditioning Systems 
Missile Launcher Systems 
Propulsion Units and Systems 
Auxiliary Power Supplies 


Aeronautical Engineering: 


Aerodynamic Design 

Advanced Aerodynamic Study 

Aerodynamic Heating 

Structural Analysis 

Strength Testing 

Dynamic Analysis of Flutter 
and Vibration 

Aeroelasticity 

Design of Complex Structure 

Trajectory Analysis 

Space Mechanics 

Welding 

Metallurgy 


Physics and Mathematics: 


Experimental Thermodynamics 

General Advanced Analysis in 
all fields 

Computer Application Analysis 

Computer Programming and 
Analysis 

Mathematical Analysis 


For full information 

write to: 

Mr. C. C. LaVene 

Box U-620 

Douglas Aircraft Company, Inc. 
Santa Monica, Calif. 
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of this vehicle. Booster engine design 
permits the nondestructive failure of 
one of the eight engines without the 
loss of the mission. The cost of a 
pound of payload in space will be ap- 
preciably reduced in the Saturn as 
compared to other vehicles. 

Eventual applications of the Saturn 
include advanced communication sat- 
ellites, defensive satellites, and various 
manned spaceflight missions. During 
1960, static-tests on the booster sys- 
tem will be accomplished and work 
on the modification of the Titan second 
stage will be initiated. 


Tracking and Data Acquisition 


As time goes on, there will be many 
satellites in orbit at any one time. 
Some of these will give out radio sig- 
nals or other radiation; others will be 
silent. ARPA has been assigned the 
task for formulating for DOD a track- 
ing and data readout system to locate, 
track and provide various data on mili- 
tary satellites, both those launched in 
the U.S. and those launched by other 
nations. For the detection of satellites 
there is a detection “fence” network 
for radiating as well as for silent satel- 
lites. 

The construction of this system is 
almost completed and it will become 
fully active during the next year. Data 
will be fed to a central station for re- 
duction and transmission to interested 
organizations. In order to assure effec- 
tive utilization of all of these tracking 
and data acquisition facilities, an 
agreement has been reached between 
NASA and DOD on joint implementa- 
tion and use of worldwide space track- 
ing, data acquisition, and communica- 
tions networks. 


Feasibility Studies 


The investigation of new concepts 
and possible novel spacebased weap- 
ons systems and their major subsys- 
tems is being carried on in a series of 
studies. These feasibility studies will 
help us decide what we can and should 
do in military space activities. 

The concept of a maneuverable, re- 
coverable space vehicle (nicknamed 
Project MRS-V) is one example of 
such a study. This vehicle can fulfill 
missions of direct defense or deterrent 
use. These require the capability to 
maneuver freely in space, to return 
from orbit and to land under full con- 
trol, whether manned or unmanned. 
The military implication for other mis- 
sions are not clear today, but will 
evolve as our studies progress. 


Exploratory Research 


The exploratory research and de- 
velopment program carried out by 


DOD in support of space technology 
for the most part is fundamental in 
nature and is aimed at advancing our 
knowledge in those areas of technology 
and science that could be helpful and 
may be vital to our future military 
space program. Among the research 
projects which are or will be pursued 
within a year are: Ion propulsion for 
space power, lightweight devices for 
optically concentrating the sun’s ener- 
gies, many different ideas on auxiliary 
power for military space applications, 
the conversion of energy by means of 
thermoelectric or thermionic devices, 
materials and _ structures urgently 
needed in building and designing ve- 
hicles and payloads for short and long- 
term operation in the space environ- 
ment, re-entry physics, and a nuclear- 
propelled rocket. 

Some of this work is very basic, such 
as the study of the interaction of pho- 
nons with phonons and holes with elec- 
trons. This work relates to the trans- 
mission of energy to various materials, 
particularly semiconductors, and has 
application to thermoelectric devices 
which are used for converting radiat- 
ing heat from the sun into electrical 
energy for various space-vehicle power 
applications. The advancement of 
knowledge gained from this effort, for 
example, may very well yield new un- 
derstanding of certain materials and 
reap great benefits in transistors, semi- 
conductors, and other technology. 
Some of the exploratory research car- 
ried out in fields other than space tech- 
nology, as for example, in ballistic mis- 
sile defense, are providing us with re- 
search results that are directly appli- 
cable to this field, such as our work in 
advanced radars, data processing, and 
ballistic missile interception. 

Many of the good ideas DOD is now 
using in the area of space technology 
have come from people in industry, re- 
search laboratories, and universities. 
We are constantly on the lookout for 
good ideas and novel approaches that 
can be applied toward improving our 
military space capabilities in this new 
and complicated technology. This ar- 
ticle has described a number of space 
projects which have military potential 
and for which DOD has a need and/or 
a requirement. 

We know how little we actually 
know and of the tremendous costs in- 
volved in gaining new knowledge. 
We are even more aware that this new 
element, in which we plan to operate, 
poses many new difficulties for military 
activities and makes possible solutions 
of old and new military problems. We 
know that this element will be ex- 
ploited for military purposes by other 
nations and that we must be equally 
or more capable of operating in space 
if we are to protect our way of life. @@ 


| 
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Giving overseas air bases what amounts to local warehouse service on 
important parts is an Air Force objective. Its present system has slashed 
delivery schedules up to 20 times...saved taxpayers several b///ion dollars 
over the past decade. To improve it further, Douglas has been selected to 
develop specifications for a comprehensive Material Handling Support 
System involving better communications, control, cargo handling and 
loading, packaging and air terminal design. Douglas is well qualified for 
this program by its more than 20 years in all phases of cargo transport. Air 
logistics is only one area of extensive Douglas operations in aircraft, missile 
and space fields in which outstanding openings exist for qualified scientists 
and engineers. Some are listed on the facing page. 


Schuyler Kleinhans and Charles Glasgow, Chief Engineers of the Santa 
Monica and Long Beach Divisions, go over air transport needs relating 


to advanced cargo loading techniques with DOUGLAS 
Donald W. Douglas, dr., President of 
JETLINERS I MILITARY AIRCRAFT Ill CARGO TRANSPORTS Ml MISSILE SYSTEMS I SPACE SYSTEMS fl AIRCOMB Ml GROUND-HANDLING EQUIPMENT 
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How to put Wings On A 
NG 
\ | 
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Your ideas...our methods...give you 
reliable components at low cost 


BASIC SHELL 


3° TO 32" 


T .050 TO.670 


L 
1/2 TO 5X LD. 


7 HEAD SHAPES OPEN END SHAPES 


SPHERICAL TANDARD STRAIGHT 


‘ 


FLANGED '| SPUN 
oe ELLIPSOIDAL FLAT OUT CLOSED PUL THICKENED 


*USED FOR INTEGRAL "BACK UP" IN WELDING SHELLS TOGETHER. 


The drawings shown here give you a simple description of the 
way you can use basic Hackney shells to produce a variety of 
seamless, lightweight, strong, low-cost rocket motor cases, gas 
generator housings, control actuator pressure vessels and other 
missile components. 
The basic unit is a cold drawn, deep shell which has uniform wall 
x thickness from top to bottom in ranges from .050” to .670”. I.D.’s 
_ vary from 3” to 32”. The length of the shell may be from 2 to 5 
a times the diameter—or up to 110”. 
Head shapes—spherical, standard, ellipsoidal, flat or special. 
Open end shapes offer variety—straight cut, offset in, offset out, 
flanged out, flanged in, spun closed or thickened. Capacities begin 
at 1 quart—go as large as 100 gallons. Working pressures range 
from 100 to 6000 psi, depending upon diameter and wall thickness. 
For full details of our facilities and our methods of making com- 
ponents, write to the address below. 


Pressed Steel Tank Company Hackney 


Manufacturer of Hackney Products Since 1902 


aa 1476 S. 66th Street, Milwaukee 14, Wisconsin 


Branch offices in principal cities 
CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
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Instrumentation 


(CONTINUED FROM PAGE 36) 


be of the order of 5 parts in 101 or 
about 50 microsec per day. Allowing 
for transmission-time uncertainties of 
about 5 microsec, a clock with a preci- 
sion of 1 part in 10! over a period of 
several weeks appears to be required. 

The Bureau of Standards has pro- 
posed to meet this requirement with a 
gas maser in a package weighing about 
50 Ib for 20 days of operation. The 
principle employed involves the detec- 
tion of a hyperfine transition in the 
microwave absorption spectrum of 
Ru’? vapor at 6834.68 Mc/sec. The 
light pump involves a Ru lamp, a Ru®® 
vapor filter, and a Ru’? absorption cell. 
The last is placed in a microwave 
cavity, and the transmitted light beam 
is measured by a solar cell. 

The remainder of the apparatus in- 
cludes a transistorized quartz-oscillator 
frequency source and multiplication 
chain, the output of which drives a 
crystal harmonic generator to give the 
desired 6834.68-Mc/sec power. 
Phase modulation of the applied fre- 
quency synchronous detection 
would be used to provide a correction 
voltage to the oscillator, whose fre- 
quency could then be fed to a scaler 
to produce timing pulses for transmis- 
sion. The power requirements and 
weight of the frequency source, servo 
system, scaler, and transmitter are esti- 
mated at 3 watts and 20 Ib. Adding 
battery weight for 20 days of operation 
brings the total weight to about 50 Ib. 


Measuring Magnetic Fields 


Great interest attaches to the meas- 
urement of weak magnetic fields in 
space since interplanetary magnetic 
fields can profoundly affect earth-sun 
phenomena. Knowledge of the mag- 
netic field of the moon would con- 
tribute to our understanding of its 
formation as an earth satellite. The 
specification on a magnetometer for a 
deep-space probe is a sensitivity of 
10-* gauss, an accuracy of one part in 
10°, and freedom from drifts due to 
thermal and mechanical shocks, be- 
sides the usual weight and power re- 
strictions and elimination of magnetic 
materials. For example, the magnetic 
material in a transistor shell at a dis- 
tance of 1 ft may produce a stronger 
field than that to be measured. It ap- 
pears that the use of the optical-pump- 
ing principle in rubidium vapor can 
provide a magnetometer of the desired 
accuracy. Varian Associates is de- 
veloping such an instrument under 
contract to NASA. 

Leading the way toward the instru- 
mentation of astronomical space ob- 
servatories is Project Stratoscope. On 


July 11, a polyethylene Skyhook bal- 
loon carried a 12-in. telescope, a 35- 
mm motion picture camera, and a tele- 
vision camera to a height of 81,000 ft 
over Minnesota. While floating at that 
altitude for several hours, the Strato- 
scope photographed thousands of pic- 
tures of sun-spot areas resolving details 
as small as 100 miles in diameter. The 
TV images transmitted to the ground 
permitted remote-control focusing and 
selection of the fields of view. 


Telescope Performance 


By getting above the tropopause, 
where turbulence causes twinkling, it 
is estimated that a 50-in. telescope 
could outperform the 200-in. telescope 
on Mt. Palomar. At satellite altitudes 
such a telescope would also provide a 
view of the universe in the wide range 
of ultraviolet wavelengths that are 
completely absorbed by the atmos- 
phere. The problem of instrumenting 
such an observatory in space all but 
staggers the imagination, yet a serious 
program has been initiated to carry it 
out under the direction of A. Meinel of 
AURA, with support from the NSF. 

Consider some of the problems to be 
faced in such a project. During the 
flight into orbit, the telescope optics 
must survive launching accelerations 
of 25 g (linear), plus noise accelera- 
tions of 20 g over a frequency range of 
10 to 1000 eps and still arrive in orbit 
without loss of collimation. Residual 
angular momenta after launching must 
be zeroed to as high an order of accu- 
racy as the required pointing accuracy. 
Gyroscopes can not be used as a means 
of detecting residual angular momenta, 
because they would set up precessional 
forces if the telescope were slewed to 
a new star. Instead of gyros, star 
monitoring would provide the means of 
detecting residual angular momenta. 
Pointing a telescope in space could be 
accomplished by simply rotating a 
small mass, thereby causing the tele- 
scope to rotate in the opposite direc- 
tion, according to the law of conserva- 
tion of angular momentum. Some dis- 
turbances will be introduced in the 
form of librations due to the figure of 
the earth if the satellite has unequal 
moments of inertia about its axes. 

Yet, in spite of these problems, it is 
believed that guiding the orbital tele- 
scope should be easier than directing a 
terrestrial telescope. 

Apart from launching problems, 
there will be difficulties introduced by 
thermal strains, since the telescope will 
be exposed to full sunlight on one side 
and dark, cold space on the other. 
Thermal radiation can decollimate the 
optical system and warp the mirror. 
Components must therefore be se- 
lected to minimize the effects—for ex- 


STAGE SEPARATION 


Mc/S/A_ non-fragmenting explo- 
sive bolts separate the DISCOV- 
ERER satellite from its modified 
THOR booster stage. These units 
combine compact design, reliability, 
lightweight and high-strength. 


PAYLOAD SEPARATION 


Mc/S/A pressure cartridges op- 
erate the pin-puller system to 
separate the payload from the 
DISCOVERER second-stage. Elec- 
trically or mechanically initiated, 
the units produce controlled pres- 
sure output in accordance with 
customer specification. 
GUILLOTINE/ VALVE 
OPERATION 


Mc/S/A pressure cartridges oper- 
ate a guillotine which cuts hy- 
draulic and pneumatic lines in 
the missile system. They also pro- 
vide energy to operate valves in 
the oxygen and fuel systems. 


Explosive power units can be used in similar applications to their use 
in the Lockheed DISCOVERER satellite project. They operate in the 
environmental conditions encountered hy missiles, rockets and space vehicles. 
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McCormick Selph Associates 
J HOLLISTER AIRPORT/ HOLLISTER, CALIFORNIA 


At IBM, scientists, mathematicians and engineers are currently engaged in many 
unique assignments in advanced physics. For example: 


1. Photoelasticity is being studied to determine strain propagation as a 
function of time in solids. This work is designed to clarify laws governing 
impulse strain waves, as well as to determine dynamic stresses that exist 
in impact and other phenomena. 


2. Fundamentals of the magnetic properties of materials are under study. The 
immediate interests are spin-wave investigations, particularly those re- 
‘ lating to the switching times of remagnetization and spin-wave propaga- 
& tion in polycrystalline materials. 


re a 3. Optical techniques, with organic and inorganic thin films, are being used to 
ae examine the properties of absorption phenomena in surfaces and substrates. 


You'll find a wide range and diversity of career areas at IBM. Advancement 
is rapid, due in part to the demands of a constantly expanding program of 
¥ research and development, and in part to a long-continued record of promoting 
=f from within, based on individual merit and achievement. Depending on 
your field of interest and on your abilities, you may work alone or as a member 
of a small team. You'll be given all the specialized assistance you need. 
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Explore new areas at IBM in 


CAREERS AVAILABLE 
IN THESE AREAS: 


QUALIFICATIONS: 


SOME ASSIGNMENTS 
NOW OPEN INCLUDE: 


Acoustics Mathematics 
Aerodynamics Mechanics 
Astrophysics Nuclear Physics 
Cryogenics Optics 

Inertial Control Semiconductors 
Magnetics Solid State 


B.S. or Advanced Degree in Physics, Electrical 
Engineering, Engineering Physics, or Mathematics 
—plus proven ability to assume a high degree of 
technical responsibility in your sphere of interest. 


Investigation of theoretical device design and ex- 
perimental proof of feasibility for ultra-high-speed 
transistor; P-N junction technology; surface stud- 
ies; optimization of semiconductor fabrication. 


Creating techniques for solving boundary value 
problems, such as field theory of structures 
(Green’s function methods, for example), or stress 
wave propagation in solids. 


Study of flow and pressure distributions in hydro- 
dynamic transients, to provide information for 
the development of a comprehensive theory of 
short duration (pulse), high Reynold’s number 
fluid-flow systems. 


Determining dynamic behavior of micromagnetic 
fields by applying low-level, high-frequency circuit 
knowledge for small, closely coupled circuits as a 
result of Hall effect studies. 


Study of basic scientific phenomena in the field 
of energy conversion; design of experiments for 
the investigation of electrical discharge in various 
environments and investigation of distribution 
and loss of energy. The objective is to develop 
energy conversion techniques that exceed the 
limited performance and efficiency of existing 
conversion methods. 


Physical-mathematical studies to determine how 
complex control problems may be solved with 
digital computers. Applications in missile systems 
and special-purpose computer systems. 


Development of magnetic devices for use in logic 
switching and computer ‘‘memory.”’ Experience in 
fundamentals of nonlinear magnetics necessary. 


Write, outlining background and interests, to: 
Mr. R. E. Rodgers, Dept. 685K 

IBM Corporation 

590 Madison Avenue 

New York 22, N.Y. 


INTERNATIONAL BUSINESS MACHINES CORPORATION 
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ample, thin-walled invar tubes for the 
collimator structure, fused quartz or 
Pyroceram for the mirror. Considera- 
tion is even being given to a beryllium 
mirror, which would have a high ther- 
mal conductivity and low mass. 

The reflectivities of common mirror 
surfaces become very poor in the ultra- 
violet, and only within the past year 
has encouraging progress been made. 
Tousey at NRL and Hass at Ft. Belvoir 
have succeeded in producing 90 per 
cent reflectivity at Lyman-q@ with a 
combination of a thin film of magne- 
sium fluoride deposited over a surface 
of aluminum. The tremendous im- 
provement in optical speed afforded by 
this development made possible the re- 
markable rocket photographs of the 
sun in Lyman-@ achieved by the NRL 
last March. The reflectivity problem 
becomes more difficult at still shorter 
wavelengths, and it remains to be seen 
if substantial improvements can be 
made at wavelengths below 1000 A. 


Ultraviolet Detection 


Of the many developments in ultra- 
violet detection, space doesn’t permit 
the mention of more than one or two. 
A remarkable new electron multiplier 
has been developed by the Bendix Re- 
search Laboratories for the measure- 
ment of extreme ultraviolet radiation 
and has been applied successfully to 
rocket spectroscopy by H. Hinteregger 
of AFCRC. The multiplier surfaces 
are two parallel conductive strips of tin 
oxide film deposited on glass plates 
separated by a small gap. Voltage is 
applied across the lengths of the con- 
ductive strips to produce an accelerat- 
ing field directed diagonally across the 
gap between the plates. A transverse 
magnetic field causes the electrons to 
describe cycloidal paths down the 
length of the gap with gains of the 
order of 100/cm of path. Of special 
value in rocket spectroscopy is the 
extreme insensitivity of these multi- 
plier surfaces to wavelengths longer 
than Lyman-a@ (1216 A). 

Lallemond in France has produced 
electron multiplier tubes of very high 
gain and low noise. His tubes have 20 
dynode stages operating at 100 volts 
per stage. It is easy to see the statisti- 
cal noise in a beam of as few as 100 
photoelectrons per second without re- 
sorting to cooling. 

Microminiaturization of electronic 
circuitry has continued to develop 
rapidly. At the current stage of de- 
velopment, reliability still lags behind 
conventional circuitry and production 
techniques are experimental and com- 
plex; but the accomplishments in pro- 
totype developments are impressive, 
and the yield of practical applications 
of research in solid-state physics is 
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Discriminator 


First .. . truly 
operational solid 
state subcarrier 
discriminator... 
completely 
transistorized. . . 
phase lock cir- 
cuitry ... plug- 
board replace- 
able assemblies 
. . . frequency 
capabilities to 
300 KC... cali- 
brated output 
voltage controls 
... Individualized 
meter design... 
self-contained 
power supply... 
approx. 27 watts 
input... weighs 
only 12 pounds. 

First of an all 
new and com- 
plete line of DCS 
solid state tele- 
metry equip- 
ments. We invite 
your inquiries 
about our Model 


DATA-CONTROL 
SYSTEMS, Inc. 
39 Rose St., 


DCS 
Danbury, Conn. 
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rapidly growing. The fields of major 
activity include solid-state memory 
storage and logic devices. These in- 
volve the use of thin films, multiaper- 
ture magnetics, twistors, optoelectrics, 
and cryoelectrics. Equally important 
are solid-state contributions to para- 
metric amplifiers, masers, and_para- 
metrons. In the category of computer 
memory devices, much research is de- 
voted to magnetic drums, ferrite mat- 
rices, ferroelectric matrices, barrier- 
grid cathode ray tubes, and mercury 
and magnetorestriction delay lines. 
Operational requirements call for 
order-of-magnitude increases in the 
speed, and corresponding decreases in 
the size, of temporary memory units. 

A few examples may serve to illus- 
trate the trend of developments in this 
area. A magnetic ferrite in the form 
of a toroid is capable of storing a bi- 
nary digit, and ferrite cores may be 
combined in matrices to provide 
memory units. By drilling a ferrite 
plate with holes and printing the cir- 
cuitry, a miniaturized unit can be built 
with a memory of several tens of thou- 
sands of digits and an access time of 
50 microsec, this speed being limited 
by current requirements. 

Also, ferroelectric memory devices 
made of barium titanate can be built 
to sizes of 20 x 20 elements with re- 
sponse times of a microsecond. Super- 
conductive devices such as the cryo- 
tron and evaporated magnetic films 
appear promising. The cryotron uses 
the destruction of superconductivity in 
tantalum wire by the magnetic field of 
a coaxial superconducting solenoid. 
The tantalum wire acts as a gate, two 
cryotrons forming a bi-stable flip-flop, 
with a maximum rate of 10 ke/sec. 
Inherently limiting the speed are eddy- 
current effects, which can be reduced 
by substituting evaporated films for 
wires. For example, a thin-film cryo- 
tron may use evaporated tin for the 
gate and a strip of lead film for the 
solenoid control perpendicular to the 
gate, with a thin layer of insulation 
between. Switching times of about 1 
microsec are obtainable. The success- 
ful development of such thin-film de- 
vices is essentially a problem in the 
technique of deposition of thin films 
with prescribed purity and structure. 

What of test and control instru- 
mentation? Broadly speaking, the 
problem of engineering rocket propul- 
sion systems is one of harnessing the 
tremendous energy of powerful en- 
gines. As the energy requirements be- 
come greater, phenomena such as com- 
bustion instability, detonation, power 
excursion, etc., create major problems 
in reliability. Other contributing fac- 
tors are related to high temperatures, 
cryogenics, radiant heat transfer, and 
the containment of very high pressure. 


In all of these problem areas, advanced 
instrumentation is an important key to 
progress. 

The demand for transducers to 
measure vibration, stress, strain, ac- 
celeration, and temperatures has led to 
marked improvements in frequency 
response, miniaturization, and signal 
output. Phenomena in the millisecond 
region are easily studied. Now re- 
search in the microsecond and _sub- 
microsecond regions has been made 
possible. | Newly developed _ tech- 
niques will promote progress in under- 
standing the fundamental dynamic 
and transient phenomena related to 
operation of a propulsion system, such 
as thrust generation and termination, 
the formation of shock waves, and im- 
pact phenomena. 

Data-acquisition and computational 
developments have made great strides’ 
during the last few years, so that 
hundreds of channels of information 
can be gathered, multiplexed, and con- 
verted from analog to digital form at 
the rate of 10,000 to 50,000 conver- 
sions per channel on a routine basis. 
With advanced techniques, such con- 
versions can be made at rates ex- 
pressed in terms of tens of conversions 
per microsecond, thereby greatly 
multiplying our ability to deal with 
complex information. 


Advanced Instrumentation 


The following are a few examples of 
advanced instrumentation that have 
been noted by members of the Instru- 
mentation and Controls Committee. 
Measurements of high-frequency phys- 
ical phenomena during rocket-engine 
static-firings are usually recorded in 
analog form on magnetic tape. DIDA 
(Dynamic Instrumentation Digital 
Analyzer) is a system designed to con- 
vert selected portions of analog tape- 
recorded data to a digital format on 
magnetic tape acceptable to a large 
digital computer. The effective sam- 
pling rate of DIDA is 100,000/sec, 
which is satisfactory for a digital 
representation of information frequen- 
cies from 0 to 10,000 cps. Amplitude 
and time accuracies of the DIDA sys- 
tem are at least an order of magnitude 
better than the accuracies of the 
original analog data. The DIDA sys- 
tem makes the powerful analysis capa- 
bilities of machines such as the IBM 
709 available to any analog informa- 
tion recorded on magnetic tape. 

Statistical techniques have been ap- 
plied to monitoring the precision of 
measuring systems. The determina- 
tion of performance reliability of pro- 
pulsion systems is significantly related 
to the capability of the measuring sys- 
tem used in generating the data. For 
this reason, it is desirable to isolate 
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"GO" or “NO GO” 


The Checkout 
that says 


APCHE (Automatic Programmed Checkout Equip- 
ment) is a solid-state, universal, high-speed, highly 
reliable, compact general-purpose tester designed 
especially for automatic checkout of aircraft, missile 
and space systems and their supporting systems. 
In its various versions (differing in input media, 
size and weight) APCHE installations may be 
fixed, mobile, airborne or submarineborne. APCHE 
was designed and is being produced as a part of 
RCA’s ground support electronics subcontract from 
the Convair (Astronautics) Division of General 


Tmk(s) ® 


Dynamics Corporation, prime contractor for the 
ATLAS Intercontinental Ballistic Missile. 


The system being supplied to Convair for the 
ATLAS Program includes a console and four rack 
cabinets providing both analog and discrete test 
functions with a resulting printed and GO-NO GO 
indication. As a product of RCA’s Missile Elec- 
tronics and Controls Department, Burlington, 
Massachusetts, APCHE is one of the latest RCA 
developments in the field of military weapon readi- 
ness equipments. 


RADIO CORPORATION of AMERICA 


DEFENSE ELECTRONIC PRODUCTS * CAMDEN, NEW JERSEY 
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the performance of the measuring sys- 
tem from that of the composite per- 
formance indicated by engine data 
y records. To perform this function, a 
program employing statistical tech- 
; niques has been applied to monitor 
, continuously the precision of measur- 
ing systems. The statistical techniques 
include the determination of standard 
2 deviation and the use of confidence 
factors and tolerance limits in the pre- 
diction of performance over periodic 
intervals. These techniques are ap- 
plied through the use of IBM com- 
puter programs, and result in dissemi- 
nation of periodic information on a 
scheduled basis. The program pro- 
4 vides uniformity in the evaluation and 
: use of measured data. The net result 
is an improvement of both the meas- 
urement system and component per- 
formance and optimization of calibra- 


tion procedures. 

In the field of thermometry as ap- 
plied to cryogenic liquids, the develop- 
ment of high-resistance platinum ele- 
ments with time constants of the order 
of 0.1 sec now permits temperature 
measurement of cryogenic liquids to a 
higher degree of precision and accu- 
racy than possible before with no sacri- 
fice in response. Durability in the 
rocket-engine environment has been 
good, setup and calibration are simple, 
and the precision is better than 0.5 F. 

The precision of volumetric flow 
metering devices has been consider- 
ably improved. Facilities for the cali- 
bration of turbine flow meters now 
exist for use with ambient as well as 
cryogenic liquids which yield preci- 
sions of 0.05 per cent. 

In summary, it can be said that ad- 
vances in instruments have made it 


Station in the Sky 


Transmission of substantial amounts 
of power through beamed microwaves 
may make practical an equipment- 
loaded platform which can hover in- 
definitely miles above the earth. 

The Raytheon Co. believes that a 
battery of its high-frequency, high- 
power Amplitron tubes, driving a 400- 
ft-sq array of antennas, can deliver 
enough energy to a 100-ft-diam area in 
the sky to power a sizable helicopter- 
like rotor on the station with hot-air 
turbines. | Microwave energy, de- 
livered in such a manner, would be 
picked up by a circular array of an- 
tennas on the station and converted to 
heat there by waveguides and “lossy” 
oe electronic elements. Compressed air 
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Artist’s sketch of Raytheon-proposed sky station which would hover in a 
E fixed position above the earth by using microwaves beamed from the ground. 


heated by the lossy elements would 
run the turbines. 

About 35 per cent of the ground 
power, it is expected, would be de- 
livered to the heat-exchange system. 
The station would operate automat- 
ically. An auxiliary chemical power- 
plant would supply energy to raise the 
station into position, descend it, and 
give emergency power. 

As envisioned by Raytheon, hover- 
ing sky stations would have such uses 
as relay points for intercontinental 
telephone and television, early warn- 
ing radar posts, and atmosphere re- 
search platforms. The AF is studying 
applications and technology of the 
sky platform idea with Raytheon. 


possible for both the researcher in 
basic science and the design engineer 
to obtain more data more rapidly and 
to extend the scope of his experimenta- 
tion by virtue of increased sensitivity 
and reliability. This brief summary of 
the state of the art in instrumentation 
has been prepared with the assistance 
of my committee colleagues, Frederick 
F. Lui, Edward Cartotto, John E. 
Witherspoon, and George W. Hoover. 
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At Convair, San Diego, steel parts for air or space 
craft must be absolutely flawless to take their designed loads. 
Quick, positive inspections of these parts are made by a 
Nuclear Systems Model 52 Multitron with a cobalt 60 source. 
The unit can be wheeled about at will... wherever radio- 
graphic inspection is needed. 

Like Convair, companies all over the country are making 
sure of quality, saving time and money by inspecting with 
radiography machines from Nuclear Systems. 

If you have an inspection problem, Nuclear Systems has 
a safe, portable, economical radiography machine to suit 
your needs. For full information, contact Dept. A-10 at one 
of our sales offices. Also... inquire about Nuclear Systems’ 
regularly scheduled three-day Radiation Health Physics Course 
—an approved AEC licensing aid. 


PHILADELPHIA + CHICAGO + SAN FRANCISCO 


. TORONTO 16 
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People in the news 


APPOINTMENTS 


Walter C. Williams, former chief of 
NASA’s high-speed flight station at 
Edwards AFB, Calif., has been named 
an associate director of Project Mer- 
cury. Paul F. Bikle, former technical 
director of the USAF Flight Test Cen- 
ter at Edwards, succeeds Williams. 
In other NASA appointments, Arnold 
W. Frutkin, former director of the 
office of information, USNC-IGY, has 
been named director of the Office of 
International Programs, and Robert 
W. Kamm has been appointed director 
of the western operations office at 
Santa Monica, Calif. 


Princeton Univ. has announced the 
promotion of Irvin Glassman to the 
rank of associate professor of aeronau- 
tical engineering. Dr. Glassman has 
been with the ARS Journal since 1951 
and is now an Associate Editor. 


Otto Struve, former professor of 
astronomy and director of the Leusch- 
ner Observatory, Univ. of California, 
has been appointed the first director 
of the National Radio Astronomy Ob- 
servatory, Green Bank, W. Va. 


Robert M. Witucki, former assist- 
ant manager of the Advanced Mate- 
rials Dept., Curtiss-Wright Corp., has 
joined Hoffman Electronics Corp.’s 
new science center in Santa Barbara, 
Calif., as a senior scientist. 


Everett T. Welmers, director of 
plans and programs for Bell Aircraft 
Corp.’s Niagara Frontier Div., has 
been granted a one-year leave of ab- 
sence to join ARPA, where he will 
work in the areas of ballistic missile 
defense and space technology. 


Chief engineer T. F. Dixon has 
been named director of engineering 
for Rocketdyne in a major expansion 
of the technical organization following 
integration into Rocketdyne of the 
solid propulsion activities of the for- 
mer Astrodyne, Inc. The expansion 
also saw the appointment of P. R. 


Dixon 


Glassman 
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Vogt, former assistant chief engineer, 
to chief engineer, liquid prepellant 
engines, and of J. F. Tormey to chief 
engineer, solid propulsion. Dixon will 
continue to have direct line responsi- 
bility for all research and liquid rocket 
engineering, and will also be respon- 
sible for developing engineering poli- 
cies and objectives in the solid rocket 
field. Fundamental research on solid 
propellants and solid rockets will be 
conducted at Canoga Park, Calif., 
along with R&D work in other areas of 
rocket propulsion. 


George Gerard has been appointed 
associate director of the Research Div. 
of New York Univ. Dr. Gerard, chair- 
man of the ARS Structures and Mate- 
rials Committee, was formerly assistant 
director of the division. 


Capt. Norman Lee Barr, former di- 
rector of aviation and space medicine 
research for the U.S. Navy, has re- 
tired from active duty and joined 
Republic Aviation Corp. as chief of 
space environment and life sciences 
research. §. Michael Treman, for- 
merly head of Treman Electronics & 
Mfg. Corp., has joined Republic’s Mis- 
sile Systems Div., where he will be 
responsible for technical design efforts. 


A. T. Forrester has joined Electro- 
Optical Systems as head of the Ion 
Propulsion Lab, Fluid Physics Div., 
while Frank Manov has been named 
supervisor of the company’s newly 
formed satellite and space defense 
studies group. 


Frederick D. Dodge has _ been 
named chief engineer of Minneapolis- 
Honeywell's Missile Equipment Div., 
and John G. Erickson has been pro- 
moted to supervisor of synthesis re- 
search, ARPA solid-propellant project, 
at M-H’s Central Research Dept. 


George W. Weiler has been pro- 
moted to chief electronics engineer 
responsible for design of all Talos 
missile electronics systems at Bendix 
Missiles Div. 


Gerard 


Armour Research Foundation ies 
named Morton J. Klein supervisor of 
propellant chemistry. 


John N. Monroe, former president 
of Monroe Laboratories, has joined 
Firestone’s Guided Missiles Div. 


Thomas L. Regan has been named 
general manufacturing superintendent 
for North American’s Missile Div. 


Aerojet-General has named Gordon 
Banerian, vice-president—enginecring; 
Gordon C. George, manager, office of 
program planning; and A. Stanley 
Thompson to a staff position at its 
wholly-owned subsidiary, Aerojet- 
General Nucleonics. L. M. Limbach 
has been appointed corporate director 
of manufacturing for the parent com- 
pany. 

Alfred P. Higgins has been named 
manager of the new Base Activation 
Dept. of Convair-Astronautics, organ- 
ized to facilitate activation of Atlas 
bases. 


P. K. Reilly Jr. has been named 
head of the Atlantic Research Corp. 
Development Dept. succeeding De- 
Witt O. Myatt, who has resigned to 
form his own consulting firm, Science 
Communication, Inc. 


G. R. Makepeace has joined Grand 
Central Rocket Co. as vice-president 
for research engineering, with J. Ed- 
mund Fitzgerald named technical spe- 
cialist for engineering and T. F. De- 
Bauw appointed to the post of assist- 
ant project manager, Zeus project. 


Richard W. Harbison has joined 
Lear, Inc., as assistant to the executive 
vice-president. 

Col. Bernt Balchen has joined Gen- 
eral Precision Laboratory as an avia- 
tion consultant. 


Charles B. Wilson has joined Fair- 
child Astrionics Div. as systems engi- 
neer for the Army Signal Corps SD-5 
battlefield surveillance system. 


William L. Whitson has been named 


ing 
! 
Treman Dodge Weiler 


original schedule. 


TEST 


Testing is a vital part of every stage in the development 
of missile and space programs at Lockheed Missiles and 
Space Division. 

The Division maintains one of the most completely 
equipped missile and space test laboratories in the world. 
Equipment includes: altitude, temperature and humidity 
chambers; shaker and vibration systems; G-accelerators; 
and apparatus capable of performing chemical, metal- 
lurgical, plastic, heat transfer, hydraulic, pneumatic, 
shock,. acceleration, sinusoidal and random vibration, 
structural, electrical, and electronic tests. Static field test- 
ing; research and development testing on controls; testing 
in ordnance and hydraulics and high-pressure gas and 
propulsion systems are conducted at the 4,000 acre, 
company-owned test base in the Ben Lomond mountains 
near Santa Cruz, California. 

Flight testing is conducted at Cape Canaveral, Florida; 
Alamogordo, New Mexico; and Vandenberg AFB near 
Santa Maria, California; in a unique manner. All com- 


Expanding the Frontiers of Space Technology 


(left) Navy POLARIS AX-1 flight test vehicle 
at beginning of launch. Lockheed’s POLARIS fleet 
ballistic missile is more than a year ahead of 


(below left) One of the Santa Cruz test stands with 
dynamic thrust mount to simulate flight environment. 
Vibration oscillator functions during static firings. 


(below right) Large centrifuge for environmental 
testing has unique shaker attachment to provide 
vibration simultaneously with high G-loadings. 


ponents and sub-systems of a new project are initially 
tested on known-performance, production missiles. Thus, 
when the final system is ready for first flight, its individual 
components already have flight-tested reliability. This 
new concept of flight testing has enabled Lockheed to 
produce extremely complex missile systems in record 
time and at greatly reduced expense. 

Underwater launch tests—including studies of cavita- 
tion, wave simulation and skip motion—are carried on at 
the Sunnyvale facility and at the Navy test base on San 
Clemente Island. In addition, structural and other tests 
are performed at Hunter’s Point Naval Shipyard, 
California. 

If you are experienced in any of the various phases of 
testing, we invite your inquiry. Positions also are available 
in physics, mathematics, chemistry, or one of the engi- 
neering sciences. Write: Research and Development Staff, 
Dept. K-14, 962 W. El Camino Real, Sunnyvale, Cali- 
fornia. U.S. citizenship required. 


Lockheed /missites AND SPACE DIVISION 
Systems Manager for Navy POLARIS FBM; DISCOVERER, MIDAS and 
SAMOS; Army KINGFISHER; Air Force Q-5 and X-7. 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL, FLORIDA e ALAMOGORDO, NEW MEXICO ¢« HAWAII 


nec 
lent 
1 
don 
ing; 
> of 
ley 
its 
jet- 
and 
ent 
Ed- 
De- 
ist- 
ied 
ive | 
| 
en- 
i 
| 
\gi- 
)-5 
1ed 


& 
Whitson Klemach 

a vice-president of Daystrom, Inc. 


He was formerly deputy chief scien- 
tist of ARPA. 


Fred A. Klemach has been pro- 
moted to missile systems manager for 
Vickers, Inc. Past president and di- 
rector of the ARS Detroit Section, he 
was previously senior staff engineer 
specializing in missile applications. 


Robert S. Turner has been named 
head of flight testing at Martin-Balti- 
more, succeeding George A. Rodney, 
who becomes manager of the Test 
Complex at Martin-Denver. G. How- 
ard Teeter has been appointed assist- 
ant general manager of Martin-Den- 
ver, in charge of a newly formed 
Electronics Div., while Hugh L. Cox 
has been appointed lead engineer on 
advanced classified projects. 


Richard E. Krafve has been elected 
executive vice-president and Homer R. 
Oldfield has been named vice-presi- 
dent, electronic components and de- 
vices, at Raytheon. 


John W. Christensen and Robert A. 
Gregg have been elected vice-presi- 
dents of Space Recovery Systems, Inc. 


Lt. Col. Nils M. Bengtson has been 
named director of the Army Guided 
Missile Agency's Ordnance Missile 
Labs Div., succeeding Col. Thomas E. 
Wood, who has retired. 


Frank P. DeLuca Jr. has been ap- 
pointed executive vice-president of 
Acoustica Associates. 


Ryan Aeronautical Co. has named 
John W. Rane Jr. director of military 
relations. 


Amcel Propulsion, Inc., an affiliate 
of Celanese Corp. of America, has 
named Julius P. Zeigler vice-president 
and general manager. He was previ- 
ously manager of high-energy mate- 
rials operations for Celanese. 


John K. Records has been appointed 
manager of the newly formed Military 
Systems Section of GE’s Defense Sys- 
tems Dept. 


Siegler Corp. has integrated all its 
defense activities under John J. Burke, 
elected vice-president, who will co- 
ordinate the military activities of four 
Siegler divisions. 
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Turner Teeter 


V. P. Kovacik has been named re- 
search requirements manager and M. 
J. Corbett development requirements 
manager for the Tapco Group, Thomp- 
son Ramo Wooldridge. 


Richard S. Weiss, vice-president of 
Avica Corp., has been named chief 
technical engineer, responsible for de- 
velopment of advanced components 
for the aircraft and missile industries. 


Phelps Trix has been named director 
of product development and Kurt C. 
Frisch director of polymer research, 
heading two new departments formed 
by Wyandotte Chemicals Corp.’s Re- 
search Div. 


Raymond A. Runyan, one of the 
founders of Data-Control Systems, has 
been elected vice-president of research 
and development. 


Raymond C. Blaylock, vice-presi- 
dent, Chance Vought Aircraft, has 
been named director for the newly 
formed Astronautics Div. J. R. Clark, 
former director of engineering, will 
serve as general manager; A. L. Jarrett 
as engineering manager; G. B. Shaw 
as manufacturing manager; and M. R. 
Seldon as quality assurance manager. 
Blaylock will also supervise the newly 
formed Range Systems Div., with 
S. O. Perry as manager. H. B. Gib- 
bons becomes associate director of the 
Research Div. 


Joseph F. Hill, former chief engi- 
neer of products design and engineer- 
ing, Janitrol Aircraft Div. of Surface 
Combustion Corp., has been named 
manager of engineering for the di- 
vision. 


Rabindra N. Ghose will head Space 


Zeigler 


Krafve Oldfield 


Electronics Corp.’s newly formed Ex- 
ploratory Development Dept. 


William B. Bergen, formerly execu- 
tive vice-president of Martin Co., has 
been elected president. 


HONORS 


John W. Crowley Jr., former direc- 
tor of aeronautical and space research 
for NASA, has been awarded the 
NASA Distinguished Service Medal 
for “outstanding leadership in aero- 
nautical science,” at a dinner marking 
Crowley’s retirement from government 
service after 38 years as a research 
scientist for NACA. 


Maj. Gen. Ben I. Funk, commander 
of the AMC Ballistic Missiles Center, 
Inglewood, Calif., has been selected as 
winner of the AF Assn. Distinguished 
Management Award for making the 
most distinguished contribution to 
management in a position of great 
responsibility. 


Charles C. Hill, consulting engineer 
for Vector Corp., Birmingham, Mich., 
has won the annual award from Mate- 
rials in Design Engineering for the 
best use of materials in product de- 
sign. Hill designed a new gas turbine 
inlet section which provides maximum 
silencing effect. 


David M. Potter, president of Pot- 
ter Aeronautical Corp., and Potter 
Pacific, will receive the Franklin Insti- 
tute Edward Longstreth Medal for 
his design of the Pottermeter, an in- 
strument used to determine _ the 
amount of liquid flowing from such 
things as the fuel tank of a jet or from 
bulk storage tanks. 


Blaylock 
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ATLANTIC RESEARCH CORPORATION 
are available to graduate engineers 

and scientists with ‘at least two years experience in fields of work related to our 
ever broadening endeavor which encompasses: Solid Propellant Development-—— 
Rocket Engineering—Solid Propellant Processing-—High Energy Solid Fuel Investi- 
gation—High Altitude Physics——High Temperature Materials Engineering—Rocket fad. 
Systems Development— Internal and External Ballistics—Combustion Research. 5 
If you would like to find how your talents might enhance our growth and yours, S 
send complete resume of academic training and experience to: 

CLARENCE A. WEISSENSTEIN, DIRECTOR TECHNICAL PERSONNEL RECRUITMENT, 1 

ATLANTIC RESEARCH CORPORATION, EDSALL ROAD at SHIRLEY HIGHWAY j 


1as 
ch 
he Reliable and low cost soundings at 200,000 feet - - - - - , 
lal 
0- another result of research and development at Atlantic Research. 
ng 
* The seventy-seven pound ARCAS rocket, a mere four-and one-half _ 
inches in diameter, carries a twelve-pound payload to forty . 
er 
er, miles and is part of an integrated system — launcher, vehicle, 
as 
ed instrumentation and parachute. Produced for the Army, 
e 
to Air Force and the U. S. Weather Bureau, ARCAS is design 
“at 4 
LA, 
inexpensive, all around forecasting and atmospheriq > 
er 
ARCAS is but one of a family of ARC soundin pe La, 
he The six-inch diameter ARCON carries a forty-pound pq 
ne 300,000 feet. The twelve-inch diameter IRIS will carry 
m Cs 
-pound payload to almost 1,000,000 feet. These i, , 
er propelled by ARCITE high energy solid propellant, an outstanding 
i- ~ 
or product of ARC research. 
‘ To obtain ARCAS illustrated technical brochure, 
write: ATLANTIC RESEARCH CORPORATION 
ALEXANDRIA, VIRGINIA 
Attention: Development Department 


SENIOR STAFF 
SPECIALISTS 


Positions are open in Honeywell’s Aeronautical Division 
for three qualified senior engineering specialists. Duties 
are 1) to guide development and design projects in the 
application of advanced techniques to Honeywell de- 
signs; and 2) provide technical assistance in specialty 
areas for selection and execution of new system and new 
product developments. 

For these openings, advanced engineering study and 
relevant military experience will be valuable. These are 
not purely advisory positions. Those men chosen will be 
expected to participate actively in the execution of 
Division Engineering Programs. 


WEAPON DELIVERY AND 
CONTROL SYSTEM COMPUTERS 


Background of computer and system development for 
bombing, fire control, or navigation. Experience with 
analog and digital systems, tie-ins, weapon character- 
istics, and performance determination. 


RADAR AND RELATED SYSTEMS 


Background of airborne system engineering in one or 
more areas such as AMTI, doppler, monopulse, ECM, 
CCM, infrared, and communications. Experience should 
include responsibility for establishing system configura- 
tions, technical development, and evaluation. 


ELECTRONIC CIRCUITS 


First-hand knowledge of design techniques for advanced 
circuits—dc, low frequency, pulse, and r.f.—for con- 
trol, computation, measurement, and communication. 
Must be knowledgeable with respect to solid state devices 
and circuits and interested in making major contribution 
to Division application of microcircuit techniques. 


To arrange an interview, write to 


J. R. Rogers, Chief Engineer, 
Preliminary Development Staff, Dept. 684 


Honeywell 


AERONAUTICAL DIVISION 
2600 Ridgway, Minneapolis 13, Minnesota 


To explore professional opportunities in other Honeywell operations coast to 
coast, send your application in confidence to H. D. Eckstrom, Honeywell, 
Minneapolis 8, Minnesota. 
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NASA Program for 1960 


(CONTINUED FROM PAGE 25) 


velopment phase. 

The NASA spaceflight program for 
the next year, aside from Project Mer- 
cury, is directed partly toward the 
space sciences and partly toward the 
satellite meteorological and communi- 
cations systems which should be of 
great value to the civilian economy. 
For this period, the principal launching 
vehicles are expected to be the Juno 
II and Thor-Delta, an improved ver- 
sion of the Thor-Able. However, ini- 
tial development flights of the Scout, 
a relatively small, solid-propellant ve- 
hicle having about the same capabili- 
ties as the Juno II or Thor-Delta, 
should also be underway. It is ex- 
pected that the Scout, after develop- 
ment, will provide a relatively simple 
and inexpensive vehicle for the simpler 
missions. 

In addition to these space vehicles, 
a considerable number of sounding 
rockets will be used, some for scientific 
measurements in the upper atmosphere 
and some for engineering research pur- 
poses. Typical of these is a six-stage 
rocket launched from the Wallops 
Island test range for high Mach num- 
ber atmospheric heating tests. 

During the year, the space sciences 
program will continue the investigation 
of the Great Radiation Belts surround- 
ing the earth, should expand our 
knowledge of infrared radiation from 
the earth and of the solar ultraviolet 
and higher frequency radiations, meas- 
ure the earth’s magnetic field, and im- 
prove our knowledge of the composi- 
tion and structure of the outer reaches 
of the earth’s atmosphere. 

While the earth’s infrared radiations 
are of great interest to meteorologists, 
some experiments more directly aimed 
toward the problems of the weather 
forecaster are also planned. Orbiting 
flight of a large metalized plastic bal- 
loon is planned, partly as a passive 
reflector communications experiment, 
partly as a means of measuring the 
atmospheric density at extreme alti- 
tudes. 

Another type of activity, less dra- 
matic than flight-tests but of equal 
significance, is the research and analy- 
sis of new concepts which must be 
evaluated for the formation of future 
development projects. Typical of this 
type of work are the development of 
the one million-lb-thrust engine, nu- 
clear-rocket research, and electric pro- 
pulsion research. All of these efforts 
are directed toward potential propul- 
sion systems for the manned _ space- 
flight systems which will follow Project 
Mercury. 

The previous remarks have been di- 
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rected toward those portions of the 
NASA program which are primarily 
concerned with the problems of space- 
flight and the closely related problems 
of long-range guided missiles. Of 
equal importance are those portions of 
the NASA program directed toward 
the support of the nation’s aeronauti- 
cal activities, both military and civil. 
One of the areas of research is that of 
flight at hypersonic speeds. The X-15 
research airplane project, a joint 
NASA-AF-Navy project, is one ele- 
ment of the over-all investigation. 


X-15 Program Progressing 


During the coming year, the X-15 
flight-test program should start to con- 
tribute research information up to its 
design Mach number of six. In the 
lower supersonic speed range below 
Mach 3, the problems are more clearly 
defined and sufficient information has 
been developed so that practical mili- 
tary aircraft have been developed. On 
the other hand, our most advanced 
civil aircraft are still subsonic. 

Another group of investigations is 
directed toward refining the under- 
standing of problems of this lower 
supersonic speed range, and should 
contribute to the determination of the 
practicality of supersonic transport 
aircraft. Still another group of in- 
vestigations is directed toward the 
lower limit of flight speeds and the 
problems of VTOL and STOL aircraft. 

There, then, are the highlights of the 
NASA program for the next year. 
Translating this plan into action will 
require not only the efforts of the 
more than 11,000 persons either em- 
ployed directly by NASA or employed 
under contract at the Jet Propulsion 
Laboratory, but also the efforts of 
many thousands of Department of De- 
fense personnel for the many portions 
of the program which can be carried 
out most efficiently on a cooperative 
basis, and the efforts of many tens of 
thousands of people in industry. 

Relying on the experience of the 
past, we can look forward to a year 
of hard work with not only some disap- 
pointments but also, on the whole, a 
good measure of satisfaction from ac- 
complishments achieved and discover- 
ies made. oe 


Booster Rockets 
For Private Aircraft 


The Federal Aviation Agency has 
approved the use of optional booster 
solid rockets (Aerojet-General Model 
15NS-250 motor) for the Beechcraft 
Twin-Bonanza executive aircraft. 


Carl Baumgaertner, Assistant Chief Engineer, 
Ground Support Equipment, Honeywell Aeronautical Division 


here are opportunities 
to work and grow in our ae 


ground support group 
“For 74 years, Minneapolis Honeywell has pioneered the devel- 


opment and production of advanced automatic controls. Today 
—with work in automatic controls more critical, more demand- 
ing, and more rewarding— Honeywell is a leader in this area 
of space operation. 

“Our group at Honeywell is concerned with establishing leader- 
ship in a relatively new area of Ground Support Equipment. 
The requirements for testing complex electronic systems pre- 
sent a challenge for creative approaches. There are currently 
openings within this group for electrical engineers, preferably 
having experience in digital techniques, solid state circuitry, 
and logical circuit design as applied to automatic checkout 
systems. There are also openings for recent graduate engi- 
neers in this field. 


“If you are a qualified engineer interested in a rewarding career in this area 
of Honeywell Aero, send information on your background, interests, and 
accomplishments to Bruce D. Wood, Technical Director, Dept. 688”. 


Honeywell 


AERONAUTICAL DIVISION 


1433 Stinson Boulevard, Minneapolis 13, Minnesota 


To erplore professional opportunities in other Honeywell operations 
coast to coast, send your application in confidence to H. D. Eckstrom, 
Honeywell, Minneapolis 8, Minnesota. 
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EXECUTIVES 
ENGINEERS 


CONTACT 50 TO 1000 MAJOR FIRMS 

Openings $6,000 to $60,000 
Get the Best Job in Your Field Rapidly 
and Confidentially this New Proven Way! 
Protects Identity. Explores Your Markets 
to Get you Top Pay, Opportunities and 
Benefits. INDIVIDUAL JOB CAMPAIGNS 
WHEN DESIRED. Send resume in Confi- 
dence for Review and Action Plan by an 
Engineer (BSEE and Ex-W9BMT from 
1924) and Seasoned Executive with Ex- 
perience with Bendix, Kellogg, Webcor, 
and 28 years of Top Level Nationwide 
Contacts. All inquiries handled in com 
plete confidence. 


Call or Write Now—Dept. AS-11 
Mr. Wm. V. Baker, MIch. 2-2532 
National Astronautics 
Executives Exchange 
1000 N. Lake Shore Dr., Chicago 11, Il. 


Management Consultants for 
Engineering and Executive Procuremen! 
and Placement Since 1942 


NEED Investigate 
DEHYDRATION 
Dehydration 


OF GASES? Systems ! 


Remove water or oil vapor 
Working pressures up to 12,000 pst. 
Dew points -100°F Oilvapor .3 ppm 


Specify Robbins Aviation 
METERING and 
OXYGEN VALVES 


for both liquids and gases 


¢ Replaceable soft seat 

¢ Hi-vacuum to 6,000 psi 

¢ The finest and most 
economical your 
money can buy! 

Pneumatic * Hydraulic 
Angle * Globe 
Three-port * Manifold 


Write for 
Catalog Today! 
2350 East 38th St. 


Los Angeles 58, Cal. 
Ludlow 9-5221 


From the patent office__ 


By George F. McLaughlin 


Compound-Curvature Regenerative Cooling 


This invention advances compound- 
curvature channels for regenerative 
cooling. It specifies that the coolant, 
which may be propellant or some other 
liquid, should flow outside the rocket 
motor wall through tubes laid side by 
side and held together. The tubes 
have a complex but calculable curva- 
ture designed to cover the surface to 
be cooled. If circular tubes are used, 
they are bent to the required shape 
and nested together. Other than cir- 
cular tubes are twisted in addition to 
being bent. 

The diagrams at the right show a 
typical form of this cooling system. 
As shown in the top diagram, the 
chamber comprises a cylindrical part 
(A), a frusto conical part (A!) lead- 
ing to a throat (A?), and a nozzle 
(A$). 

The tubes change angle of helix 
with the diameter of the chamber. 
Thus, over the cylindrical part the 
tubes have a constant small helix 
angle. This angle increases progres- 
sively as the tubes traverse the frusto 
conical part toward the throat. At the 
throat the tubes run parallel to the 
axis of the chamber. The helix angle 
again progressively decreases as the 
tubes pass from the throat along the 
nozzle section. 

The middle and bottom diagrams 
show a single cooling channel in this 
system. One channel end (A‘*) con- 
nects with a head chamber (B). The 
channel makes a circuit a common con- 


FIGURE 2 
FIGURE 3 


Typical form of cooling system. 


necting cup (D) at the rim of the noz- 
zle, and returns to another opening 
(C?) of the head chamber. A pres- 
sure casing (J) encloses the whole sys- 
tem of channel tubes if pressures will 
be high. Otherwise, the tubes are sim- 
ply joined by welding or brazing and 
the casing omitted. 


Multi-Tubular Wall for Heat Ex- 
changers (Patent No. 2,880,577). F. 
B. Halford, late of Northwood, Eng- 
land. Assigned to the DeHavilland 
Engine Co., Ltd. 


Aerodynamic Control of a Rocket 


This patent concerns the kind of 
control system seen in several solid- 
propellant anti-tank missiles. Very 
briefly, it employs a combination of 
aerodynamic surfaces, spoilers in the 
jet stream, and displacement of pro- 
pellant mass during motor burning to 
give a rocket-propelled missile a flat 
and predictable trajectory. The figure 
below shows a drawing of an anti- 


tank missile according to the inven- 
tion, the top part being in axial section 
and the lower part in elevation, with 
portions cut away. This is a patent 
that should be read in detail by mis- 
sile design engineers. 

Patent 2,879,955. Airborne bodies 
and, in particular, self-propelled mis- 
siles. Helmut P. G. A. R. von Zborow- 
ski, Brunoy, France. 


Anti-tank missile following Patent 2,879.955. 
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VICKERS HOT GAS 
AUXILIARY POWER SYSTEMS 
for missiles and spacecraft 


CONCEPT 

Vickers piston motors — as used in virtually all 
existing commercial and military aircraft — are now 
modified to operate efficiently on propellant-generated 
hot gas, or bleed gas from the main propulsion sys- 
tem. Minimum weight is achieved by mounting the 
hot gas motor ‘‘shaft-to-shaft’’ with a Vickers piston hy- 
draulic pump in a common housing. The motorpump, 
a simple gas generator, hydraulic reservoir, filter, 
and relief valve are integrally mounted to form a com- 
plete Auxiliary Power System in a compact package. 


AIR BLEED 
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PRESSURE 
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GENERATOR 


FILTER 
SYSTEM 
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DEVELOPMENT 

Production line Vickers hydraulic motors have been 
operating on hot gas for over 2 years. Units have run 
on gases as hot as 2300°F without modification. 

The present flight hardware was built and tested 
after an intensive prototype development effort. Test 
program motorpumps have accumulated over 100 
runs each for 1 minute of operation cycle. Since the 
current development program is aimed at meeting 
known APS requirements, no limits have been estab- 
lished on the operating cycle duration for this type 
of equipment. 


CONCLUSIONS 

Performance and reliability goals for this concept 
have been met successfully. A complete hot gas APS 
package in the 2 - 8 horsepower range, shown above, 
is available within 90 days. Customer specifications 
for these and larger systems are invited. Write for 
Bulletin A-5223B. 


DETROIT 32, MICHIGAN 


APPLICATIONS 

Because of the increasing scope of APS applica- 
tions, Vickers conducted a series of studies to estab- 
lish criteria for APS selection. Recent study results 
(published in March, 1959) indicate that for short 
duration operation, hot gas motors offer the best 
weight advantage in the 1 to 30 hp range. See curve 
below. 

Attractive reliability and early delivery resulting 
from extensive use of proven hardware may extend 
the application of these systems to an even greater 
range of second and third generation missiles and 
spacecraft. Additional advantages include: low speed 
equipment (up to 10,000 rpm), convenient ground 
checkout, growth potential, and no alert time required. 


OPTIMUM WEIGHT NON-PROPULSIVE POWER SYSTEMS 
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Interested in Systems Engineering? 


There are systems 


his difference between systems can make 


a big difference in your career 


IF YOU ARE QUALIFIED and interested in contributing to programs of 
“total” scope, it will be of value to you to investigate current oppor- 
tunities with General Electric’s DEFENSE SYSTEMS DEPT., whose 
work lies primarily in providing total solutions to large scale defense 
problems of the next 5, 10 and 20 years. 


The work here lies almost entirely in the areas of systems engi- 
neering and systems management. 


Inquire about these positions: 


Guidance Equation Engineers Systems Test Evaluation Engineers 

Systems Logistics Engineers Engineering Psychologists 

Electronic Systems Radar Equipment Engineers 
Management Engineers Weapons Analysis Engineers 

Operations Analysis Engineers Weapons Systems Integration 

Systems Program Engineers Engineers 

Data Processing Engineers Engineering Writers 


Forward your confidential resume at an early date. 

Whereas the growth potential is evident — both for DSD and the 

19999999) engineers who join us — the positions we fill during these early 
months will carry significant “ground-floor” benefits. 


Write fully to Mr. E. A. Smith, Room 11-A 
DEFENSE SYSTEMS DEPARTMENT 
"i A Department of the Defense Electronics Division 


GENERAL @@ ELECTRIC 


300 South Geddes Street, Syracuse, N. Y. 
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Man’s Mission in Space 
(CONTINUED FROM PAGE 29) 


The problem of the enclosed en- 
vironment has been solved on a large- 
scale basis for the submarine. In an 
atomic-powered submarine, a_ large 
crew was successfully isolated for 60 
days underseas. In X-series rocket- 
powered experimental aircraft, a com- 
pletely self-contained environment 
similar to a space cabin for one astro- 
naut was successfully used in numer- 
ous brief flights at hypersonic speeds 
and altitudes above 100,000 ft. 

The closest approximation to the 
realities of one-man space _ explora- 
tion in a minimum environment was 
achieved in the Man High free balloon 
flight of 32 hr 10 min duration, where 
all the environmental factors of orbital 
flight except weightlessness were 
coped with. The subject of this ex- 
periment, Lt. Col. David G. Simons, 
was able to accumulate 5 hr of dicta- 
phone recordings, 25 hr of intermit- 
tent radioed recordings, several rolls of 
motion picture films, packs of. still 
color photos, and dozens of pages of 
written data, while continuously mon- 
itoring some part of 17 factors under 
his control for maintaining the proto- 
type life-support system. These are 
encouraging indications of human abil- 
ity to perform under stress comparable 
to that in spaceflights of similar dura- 
tion. 

With regard to factors in which 
spaceflight would go beyond the prob- 
lems of survival in an_ isolated, 
self-contained, minimum life-support 
cabin, including the factors imposed 
by present propulsion systems, ample 
human reserves to endure the pro- 
gramed stresses, with a margin for sur- 
vivable deviations, have been demon- 
strated in ground and flight simulation 
experiments. It is worthy of note that 
these factors have received careful 
evaluation during a decade prior to 
the design of a minimum survival cap- 
sule for actual spaceflight. 

The human body, properly sup- 
ported in a semirecumbent position, 
can endure continuous acceleration of 
3 g from chest to back for 1 hr. As 
linear acceleration, this would attain 
nine times escape velocity, or over 
232,000 mph. The human body in 
this same semirecumbent position can 
sustain 20 sec of a peak 16 g during 
a 4-min exposure to gradual increment 
and decay of acceleration simulating 
the most drastic re-entry configuration 
theoretically proposed. During 4-min 
continuous exposure to 8 g in this po- 
sition, subjects were able to demon- 
strate adequate wrist and finger con- 
trol to perform acceptable vertical and 
horizontal tracking experiments. In 
all anticipated three-stage rocket ac- 
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celeration programs proposed for 
either orbital or escape velocity flight, 
human subjects demonstrated ample 
tolerance during very complete investi- 
gations on the human centrifuges of 
‘2 the Navy and Air Force. Both the 


* five-day exposure of the dog Laika in 
: the Russian Sputnik II, and brief ex- 
0 posures of human subjects in the order 
r of 15 to 60 sec by Keplerian trajectory, 
indicate no insurmountable problems 


from exposure to zero gravity. Defini- 
tive evaluation awaits the first human 
orbital flight. 

According to James Van Allen, no 
serious radiation hazard should be en- 
countered in orbital flights at altitudes 
J of less than 600 km between north 
and south 40 deg latitude. For flights 
beyond the limits of the two Van Allen 
layers, escape through the polar clear 
areas can be accomplished through use 
of only a moderate amount of shield- 
: ing. The somewhat Procrustean ap- 
> proach of confining one man to a 
minimum survival capsule limited in 
weight and volume by the specifica- 
tions and performance of existing mis- 
siles for taking him into orbit, and ex- 
posing him to stressful accelerations in 
addition to known and unknown con- 
ditions of spaceflight that are beyond 
control, represent only the brave be- 
ginning. 


Progress Is Inevitable 


The successes and failures in the new Bourns absolute 
inevitable progress of this scientific pressure transducer 
mission will be no less stressful to 
those on the ground who dedicate Miniature potentiometer transducer / 
themselves to the difficulties and re- > 
sponsibilities of the problems. 35G vibration, 20-2000 cps / 
Today, Man rises to a self-made High accuracy /5-ounce weight 
challenge greater than any ever faced 
by the human race. Here, Man aspires New — brag instrument for telemetering and 
control of missile, pneumatic, and hydraulic systems. 
to lift himself beyond the safety of his Absolute, gage, or differential pressure ranges 
terrestrial home and to override his available with static error band of +0.9%. Excellent 


noise-free low error performance in high vibration 


own fears and limitations and explore 
and acceleration environments. 


the universe by spaceflight. 


All the qualities of intelligence, per- Model 725 
severence, mutual cooperation, and Pressure ranges up to 0-5000 psia 
courage that distinguish Man from Static error band* +0.9% 
other forms of life on our planet will Dynamic error band +1.8% 
find their supreme fulfillment in the | (includes +35G to 2000 cps) 
successful accomplishment of this mis- | Discontinuities (noise) None 
sion. o¢ Size (exclusive of fittings) 1-%"D x %" 


«Includes friction, hysteresis, linearity, resolution, repeatability 


Write for complete technical data 


BOURNS 


NASA Western Office | 
In Santa Monica Reorganized 


NASA’s Western Coordination Of- | Ine. ; 
fice at 150 Pico Blvd. in Santa Mon- P.O. Box 2112 J, Riverside, Calif. 
the Western Operations Office, and 
will henceforth provide administrative Pioneers in potentiometer transducers for position, pressure and acceleration. 


and management support for NASA 
west of Denver, Colo., as well as its 
previous liaison function. 


Exclusive manufacturers of Trimpot®, Trimit® 
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Education 


(CONTINUED FROM PAGE 32) 


manifest in several ways. First, rec- 
ognized names in astronautical circles 
are besieged with requests for informa- 
tion and help in connection with hob- 
bies, high school projects, planning 
of careers, etc., many of the type: 
“Please tell me all about rockets.” 
Secondly, the tragic statistics of ama- 
teur rocketry experimentation recently 
documented by the ARS demonstrate 
misdirected motivation and a lack of 
real knowledge concerning hazards.3-4 
These problems are under considera- 
tion by several groups in the ARS. 


ARS Sections Active 


Singularly satisfying results in bring- 
ing astronautics education directly to 
the elementary school and high school 
student have been obtained by sev- 
eral local ARS sections. Programs 


conducted by the Antelope Valley Sec- 
tion of California and the Central 
Colorado Section over the past two 
years have demonstrated that these 
students need and hunger for more 
basic science; that teaching talent of 
the caliber and unselfishness to satisfy 
this need can be found among the pro- 
fessional membership of the ARS, and 
that the local section organization can 
bring them together.> Furthermore, 
these programs indicate considerable 
success in replacing the lure of sen- 
sationalism in live rocketry with a 
healthy interest in objective science. 
Such programs face the situation, 
but do not truly solve it. Striking at 
one of the causes itself, the Palm 
Beach Section established a 30-hr lec- 
ture series in basic astronautical sci- 
ences for the high schol teacher.® 
Though fully accredited, many with 
Master's and Doctor’s degrees, the 
large majority of the teachers there 
had poor or no mathematics back- 
ground, and most found lectures such 
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as “Elements of Propulsion” too diffi- 
cult to comprehend, preferred philo- 
sophical discussion to a mathematical 
presentation. The problem of estab- 
lishing a proper educational atmo- 
sphere for the youth who will inherit 
tomorrow's world of science is com- 
plex indeed. 

To approach this problem once 
again for the ARS was the object of 
the Youth Program Workshop, a con- 
clave of some 20 representatives from 
industry and educational circles who 
met at Princeton Univ. late in Septem- 
ber. More will be heard from this 
group. 


Evaluating the Goals 


Evaluation of the aims and goals of 
education has been of foremost in- 
terest to many outstanding thinkers in 
this country even before October 1957, 
The ascendancy of Russian prowess 
simultaneously in astronautics hard- 
ware, science, and education has in- 
tensified awareness in this country that 
a re-evaluation of our scientific and 
engineering education is necessary. It 
has also become clear that it is no 
longer sufficient to modify curricula or 
course content, but that a thorough 
search for a valid educational philos- 
ophy is needed. Probably the most 
eloquent document expressing _ this 
need is the report of the President’s 
Science Advisory Committee, “Educa- 
tion for the Age of Science.”7 To 
quote from this report: 

“.. . No one in the United States 
denies that we should have a first-class 
system of formal education. But not 
everyone realizes that the strength and 
happiness, even the survival, of our 
democratic society will be determined 
primarily by the excellence and the 
appropriateness of our educational pat- 

“.. . Our changing civilization will 
demand in the future an even greater 
devotion to learning and a greater 
pride in intellectual achievement. The 
profound effects of recent advances in 
science and technology demand that 
scientific literacy be far more wide- 
spread among the American people if 
we are to solve the problems of this 
age... 
ei . Four major areas need spe- 
cific and urgent attention throughout 
our educational system: (1) The cur- 
riculum and the content of courses, 
(2) the quality and effectiveness of 
teachers, (3) the recognition and en- 
couragement of students, and (4) 
development of intellectual leader- 
ship. 

Numerous other cogent and stimu- 
lating conclusions were reached by 
the President’s Science Advisory Com- 
mittee. The entire problem will be 
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start cycles 


Test Conditions 


Air Force trailer-mounted MA-1A starter cart with improved 
AiResearch GTC 85-20 gas turbine unit. 


AiResearch engineers inspecting improved AiResearch GTC 85-20 4 
gas turbine unit after successful 5,000 start cycle test. ~~ 


A world performance record for small 
gas turbine reliability has been estab- 
lished by this improved AiResearch 
GTC 85-20 unit...5,000 start cycles. 
During each start cycle the turbine 
was brought to peak load twice, with 
a shut down time of only five minutes. 
This is equivalent to two main engine 
starts per cycle. 

Throughout the entire test only rou- 
tine maintenance was necessary plus 


replacement of one generator brush. 
AiResearch gas turbines now in pro- 
duction incorporate the improvements 
made in this newly tested unit. 

Pneumatic power source for the Air 
Force’s trailer-mounted MA-1A starter 
cart, the engine was torn down under 
supervision of Air Force personnel 
from Wright Air Development Center. 
It is now undergoing further tests up- 
wards of 10,000 start cycles. 


COoORPORS 
AiResearch Manufacturing Divisions 


This intense product improvement 
in gas turbine reliability is matched 
only by AiResearch versatility. The 
world’s largest manufacturer of light- 
weight turbomachinery, AiResearch 
has designed, developed and produced 
more than 8,500 gas turbines of all 
types vital to military and commercial 
ground support as well as auxiliary 
and prime power applications. Your 
inquiries are invited. 


Los Angeles 45, California « Phoenix, Arizona 
Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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the topic for a panel discussion by a 
group of outstanding men in educa- 
tion, science, and sociology at the 
Education Session of the ARS Na- 
tional Meeting in Washington this 
month. 
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Magnetohydrodynamics 


(CONTINUED FROM PAGE 40) 


of “hash” and no longer reproducible. 
In such devices as the pinch, the ad- 
vent of this kind of instability did 
not seem to be uniquely related to the 
interface instability which had been 
explored earlier. 

Some scientists had done enough 
thinking about the results to offer 
some ideas on an_ interpretation. 
These included “runaway electrons,” 
“cooperative effects,” “magnetohydro- 
dynamic turbulence,” “plasma _ oscil- 
lations,” “magnetic field diffusion,” 
etc. But offering a name, and offering 
an understandable explanation which 
fits the observations, proved to be two 
different things. Therefore, the con- 
sequence of the Geneva meeting 
seemed to be to slow down previously 
rapidly expanding work on fusion de- 
vices and to initiate more fundamental 
research on ways to understand the 
behavior of a plasma in a magnetic 
field. 

The concern about plasma instabil- 
ities caused a number of scientists to 
give considerable attention to plasma 


oscillations. The possibility of oscil- 
lation due to local separation of 
charge and the consequent restoring 
force has been known for some time, 
One of the problems was to discover 
how the random particle energy could 
be converted to wave motion that 
might carry the energy to the bound- 
ary of the plasma. If an electric 
field carries an interstreaming of elec- 
trons and ions, it has been predicted 
that such oscillations should grow, 
Our knowledge has increased consid- 
erably on the conditions which lead 
to growth or damping of waves, and 
this has been given in a review paper 
by Jackson.4 


Suggested an Analogy 


The sudden change repro- 
ducible outputs to random-type sig- 
nals from a confined plasma suggested 
an analogy with the transition from 
laminar to turbulent flow. Most 
plasmas have such low density that 
the mathematical treatments usually 
neglect the collisions. Superficially, 
this would lead one to discount the 
possibility of turbulent plasma _vor- 
tices. Kovasznay® has taken a closer 
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Compliance to specifications so rigid as to be 

impossible in many pressure transducers has made 
TELEDYNE the “standard” for measuring pressures 
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STRAIN GAGE construction, TELEDYNE has low 
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look at the magnetohydrodynamic 
equations and seen a possibility that 
the plasma energy may be transformed 
into a form of turbulence which is 
analogous to fluid-mechanical turbu- 
lence. The chief problem seems to be 
to find a method of measuring the 
turbulent fluctuations that can do 
for magnetohydrodynamic turbulence 
what the hot wire did for fluid turbu- 
lence. 

Over the past several decades, the 
hydrodynamicist has added thermo- 
dynamics and chemistry to his studies 
so as to encompass propulsion and 
combustion. After encouraging ioni- 
zation in hypersonic flow, aerodynam- 
icists began to add Maxwell’s equa- 
tions to the list. A number of areas 
of interest developed. The so-called 
plasmajet or arcjet, which uses gas 
flow to confine and intensify the arc, 
proved useful as a source of high- 
temperature gas with tens of thou- 
sands of degrees Kelvin range. Mate- 
rials testing facilities and high-tem- 
perature wind tunnels have been built. 
There was a flurry of interest in the 
arcjet as a means of propulsion, but 
the high specific impulse obtainable 
from the ion-rocket seemed to more 
nearly fit the optimum requirements 
for space travel. There is a possibil- 
ity of revival for use in space maneuv- 
ering, where somewhat higher thrusts 
may be desired. 


Turned to Use of Arc 


The aerodynamicist quickly turned 
to the use of arc and magnetically 
driven shock tubes to produce shock 
Mach numbers above those readily 
produced by the pressure-diaphragm 
shock tube. Mach numbers of 40 in 
air are obtainable with relatively 
simple apparatus. The magnetically 
driven shock tube also suggested a 
means of space propulsion with a spe- 
cific impulse in the optimum range 
indicated for foreseeable space power 
supply units. The difficulties encoun- 
tered with charge neutralization of 
ion beams have caused a number of 
investigators to turn their attention 
to plasma-propulsion units. There is 
a growing feeling that the plasma- 
propulsion unit should be of the elec- 
trodeless type, with the plasma cur- 
rents induced by traveling waves. 
The presence of the electrodes would 
make it difficult to obtain the high 
specific impulse. 

On the analytical side, the aerody- 
namicists first began to investigate 
solutions with infinite conductivity. 
Concern about the relatively low con- 
ductivity of the hypersonic flow at 
re-entry speeds stimulated the study 
of solutions with low conductivity or 
Magnetic Reynolds Numbers. More 
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IN A SPECIAL KIND OF WORK 


To help meet the urgent and continuing problems of national 
security, RCA has created an Advanced Military Systems Depart- 
ment at Princeton, New Jersey. There, in an atmosphere of complete 
intellectual freedom, men of a very special kind are engaged in the 
analysis and study of our national defenses—present and future— 
and how they can be made most effective to meet any future 
enemy capability. 


THE MEN— The men who form the technical staff are a group of 
mature scientists and engineers. They are accustomed to responsible 
positions in industrial research, advanced development, or systems 
planning. Most of them have an extensive background in the broad 
fields of electronics, vehicle dynamics (space, marine or terrestrial), 
physics (astro, nuclear, or plasma), or operations research (military 
science ). Allare temperamentally suited for performing highly sophis- 
ticated, comprehensive analysis and planning. They are men who 
enjoy seeing the fruits of their work create a far-reaching effect on the 
defenses of the country. 


THE WORK — Studies by this group are of the broadest scope and 
cover such diverse areas as physical and engineering sciences, 
military science, economics and geophysics. Accordingly, each 
member of the technical staff operates either independently or as a 
consultant in interdisciplinary groups. He is generally free to select 
his own area of work, but results must have a direct application to 
problems of national defense. 


As a staff member, he is provided with every opportunity, facility 
and detail of environment to use creative and analytical skills to 
maximum advantage and at the highest level. He has no respon- 
sibility for administrative details. He can call in any specialists he 
may need. He has full access to all available information—military, 
academic and industrial. Furthermore, specialized research projects 
and laboratory work can be carried out at his request by other 
departments of RCA. 


THE LOCATION— Princeton offers unique civic, cultural and 
educational advantages. The RCA Advanced Military Systems 
Department itself occupies a new, air-conditioned building on the 
quiet, spacious grounds of RCA’s David Sarnoff Research Center. 
Working in individual, well-furnished offices, staff members find 
their associates and surroundings highly conducive to creative 
activity, and the community ideal for gracious living in a univer- 
sity atmosphere. 


INQUIRIES ARE INVITED—If you are interested in learning 
more about this far-reaching program and the unusual opportunities 
it offers to qualified men, write: 


Dr. N. I. Korman, Director, 

Advanced Military Systems, Dept. AM- 4 
RADIO CORPORATION OF AMERICA, 
Princeton, New Jersey. 


RADIO CORPORATION 
of AMERICA 
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PRECISION 
FREQUENCY 


STATIC 
INVERTER 
SUPPLY 


INPUT 28V D.C. + 10% 
OUTPUT Nom. 115V + 2% 
400 CPS + 0.01% 
1 @ (2- or 3-phase output available) 
RATINGS: 30VA 50VA 100VA 
’ Higher ratings available. 


APPLICATION: 


For gyro wheel supplies and 
where precise 400 cycle 
voltages are required in air- 
craft, radar and missile 
computers. 


FEATURES: 
PRECISION OUTPUT FREQUENCY 
RUGGED 
EXCELLENT WAVEFORM 
SIMPLICITY OF CIRCUITRY 
FAST STARTING TIME 
GOOD VOLTAGE REGULATION 
throughout an adjustable range 
ISOLATED CASE DESIGN 
HIGH RELIABILITY 
VIBRATION ISOLATED 
COMPACT 
LIGHTWEIGHT 
MILITARY SPECIFICATIONS 


(Send for Bulletin $-864) 


MAGNETIC 
AMPLIFIERS, INC. 


632 TINTON AVENUE © NEW YORK 55,N.Y. © CYPRESS 2-6610 


West Coast Division 
136 WASHINGTON ST. © EL SEGUNDO, CAL. © OREGON 8-2665 
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recently, solutions have been at- 
tempted with finite conductivity. 
One of the first applications which 
grew out of the analytical studies was 
possibility of reducing the heat trans- 
fer about a bluntnosed re-entry body. 
Of the two parts to the problem, 
namely the effect of the magnetic 
field on the shock layer® and the effect 
on the boundary layer, the former 
produces the most significant part of 
the change.? Other studies on bound- 
ary-layer flows began to indicate 
some startling effects. Bleviss® found 
from Couette flow studies that in the 
re-entry velocity range rapid changes 
of conductivity as a function of local 
temperature should cause sudden dra- 
matic changes in the heat transfer 
and skin friction. In the meantime, 
one-dimensional flow studies and 
other studies with special simplifying 
assumptions have helped to gain an 
insight into some of the character- 
istics of magnetohydrodynamic flow. 


Analyzed Combinations 


Of course, the aerodynamicist 
would be interested in the effects of 
magnetic fields on the flow of con- 
ducting fluids around airfoils. Sears® 
and his colleagues have done an ex- 
cellent job in analyzing the various 
possible combinations. The propaga- 
tion of disturbances at both sound 
speed and Alfvén wave speed lead to 
some very unusual results, particularly 
when the Alfvén waves produce up- 
stream effects in supersonic flow. 

At present, there is a rapidly grow- 
ing body of magnetohydrodynamic 
flow solutions. Almost none of these 
has had any experimental verification. 
There has been no way to establish a 


basis for knowing which of the sim- 
plifying assumptions necessary to ob- 
tain solutions will lead to the most 
useful results. Unfortunately, careful 
experiments in magnetohydrodynam- 
ics are very difficult to make, and 
verification of the theories may come 
slowly. 

On the other hand, as a body of 
substantial knowledge is built up, it 
would seem reasonable to predict that 
ceilings on flow velocity and tempera- 
tures will go up by at least one and 
two orders of magnitude. If so, many 
fruitful applications will emerge. 

Finally, it is interesting to note that 
magnetohydrodynamics appears to 
offer new areas of studies to many 
fields of science and has already 
served to bring research workers in 
these fields closer together. 
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Nuclear Propulsion 
(CONTINUED FROM PAGE 42) 


so far indicate that superperformance 
reactors would most likely be gaseous 
reactors. On the other hand, many 
difficult problems must be solved be- 
fore the feasibility of gaseous reactors 
can be established. 

According to an announcement by 
the AEC, a radically new concept is 
being explored to utilize nuclear en- 
ergy for propulsion. The essence of 
this concept is to impart momentum to 
a vehicle by exploding nuclear bombs 
underneath it. This idea may lead to 
very important developments in rock- 
etry, although many technical prob- 
lems involved are obviously formi- 


dable. 


In the area of nuclear-power de- 
velopment for auxiliary power systems, 
the project known as Snap has been 
meeting successes and shows a great 
deal of promise. Undoubtedly, re- 
sults achieved in this project will also 
be useful in future applications of nu- 
clear power to advanced propulsion. 
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rockets 
and 
missiles 


Componentry capabilities of the 

Kelsey-Hayes Company as a supplier of 

precision propulsion assemblies, structural 

parts and exotic high temperature 

materials for first and second generation 

rockets and missiles include— 

Swivel nozzles, hydraulic control systems 

and auxiliary power supply systems for 

thrust vector control; weldments, rocket 
and combustion chambers for liquid and 
solid propellant propulsion systems; 
inner cones, exhaust cones, rotating wheel 
assemblies; vacuum induction melted 

alloys to withstand corrosive and 

extremely high temperature atmospheres; 

advanced design, research and develop- i 
ment in gas dynamics, internal ballistics, 
transient heat and thermal stress analysis. 
Kelsey-Hayes Company, 

General Offices: Detroit 32, Michigan 


KELSGEY- 
HAYES 


Automotive, Aviation and Agricultural Parts 
Hand Tools for Industry and Home 


18 PLANTS: Detroit and Jackson, Michigan; 
Los Angeles; Philadelphia and McKeesport, 
Pennsylvania; Springfield, Ohio; New Hartford 
and Utica, New York; Davenport, lowa; 
Windsor, Ontario, Canada. 
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AIEE Magnetohydrodynamics 
Symposium Set for Feb. 18-19 


A Symposium on Engineering As- 
pects of Magnetohydrodynamics will 
be held at the Univ. of Pennsylvania, 
Feb. 18 and 19, 1960, under the aus- 
pices of the Basic Sciences Committee 
of the American Institute of Electrical 
Engineers. The program, mainly con- 
cerned with high energy gaseous plas- 
mas, will be divided into four sessions: 
Fusion, Power Conversion, Flight Ap- 
plications, and Communications and 
Diagnostics. 

The proceedings of the Symposium 
will not be published. Papers should 
not exceed 20 min in length, and ab- 
stracts, 800 words in length, should 
contain an appropriate bibliography 
and be in the hands of the Program 
Committee no later than November 
15, 1959. 
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New Opportunities 
In Rocket 
Propulsion 
Research 

and Development 


The United Research Corpora- 
tion of Menlo Park, California, 
is adding to the staff of a new 
research and development 
center. This group is already 


exploring broad new areas in 
solid and liquid propellants as 
well as advanced rocket pro- 
pulsion systems. 


Chemists and 
Chemical 
Engineers 


If you have experience in pro- 
pulsion research and develop- 
ment, investigate the outstand- 
ing opportunities offered at 
URC. Positions at all levels are 
now being filled in the fields of 
organic, analytical and physi- 
cal chemistry, as well as pro- 
cess engineering. You will join 
a distinguished group of scien- 
tists directed by Dr. David 
Altman. 


United Research 
Corporation 
Of Menlo Park 


URC is a wholly-owned sub- 
sidiary of the United Aircraft 
Corporation, a leader in the 
aviation field for many years. 
UAC’s engine products power 
most high-performance mili- 
tary jets and 9 out of 10 DC-S8s 
and 707s. You may know 
United best by its various 
divisions, including Pratt & 
Whitney Aircraft... Sikorsky 
Helicopters ... Hamilton 
Standard ... Norden... and 
its Missiles and Space Systems 
Division. 


A Genuine 
Ground Floor 
Opportunity 


As the projected growth of 
URC takes place, opportuni- 
ties for rapid advancement will 
continue. The wide range of 
manufacturing activities in 
United Aircraft—both military 
and commercial — insures a 
continuing need for the activi- 
ties of URC. You will partici- 


pate in all the parent company 


fringe benefits. At URC you 
will also be close to Stanford 
University, with unlimited op- 
portunities for advanced study 
and teaching. 


Pleasant Pacific 
Coast Living 


Within easy reach of URC fa- 
cilities are the residential areas 
of the San Francisco peninsula 
and such recreational areas as 
Carmel. The “City by the 
Golden Gate” itself is only 28 
miles away. 

If you'd like more informa- 
tion, write and tell us about 
yourself. Or, if you are attend- 
ing the 14th Annual American 
Rocket Society Meeting, 
Washington, D. C., November 
16-20, drop in and talk with 
our repre sentatives at the 
Sheraton Park Hotel. 


UNITED 
RESEARCH 


CORPORATION 
OF MENLO PARK 


A Subsidiary of United Aircraft Corporation 
P.O. Box 365, Menlo Park, California 
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Here are the cold facts about 


Ag Since installing the first oxygen liquefaction plant in 
: 2 America in 1907, LINDE has continuously expanded its Cryogenics 


capacity—scientific, engineering, and production. 


140 


HIGHLIGHTS FROM THE RECORD 


LINDE installed first air liquefaction plant in America 

Built the first American-made air liquefaction plant 

Established scientific laboratories for gas and chemical research, experimentation, and testing 
First commercial argon production 

First natural gas liquefaction plant to produce helium designed and built for U.S. government 
LinDE became a part of UNION CaRBIDE 

Operations extended to Canada 

Began commercial production of neon 

Started development of system for liquid oxygen and nitrogen 

First customer liquid oxygen storage and conversion unit installed 

First liquid oxygen truck delivery to customer units 

High-pressure conversion equipment adapted to truck use 

Powder-vacuum insulation reduced heat leak to contents by a factor of 10 

First vacuum-insulated railroad tank car shipment of liquid oxygen 

Liquid oxygen producing plants, transport containers, and storage units made for government 
Basic patent for powder-vacuum insulation issued 

First 25,000,000 cu. ft. liquid storage reservoirs for oxygen, nitrogen, or argon 

First 140 ton a day low-purity oxygen-producing unit 

First 360 ton a day on-site oxygen-producing unit for chemical industry 

Heat leak to contents further reduced by a factor of 10 

First 450,000 cu. ft. capacity vacuum-insulated trucks 

First 3000 cu. ft. compact cylinder for storage, transport, and conversion of liquid oxygen 
3000 cu. ft. cylinder adapted to shipment of liquid nitrogen, argon, and hydrogen 

Continuing progress in decreasing heat leak to contents 

Liquid oxygen distribution system requiring no external power source 

First automatically-operated 120 ton a day on-site oxygen plant 

Super insulations developed—hold evaporation of liquid oxygen to less than 5% per year 
NASA contracts for large volumes of liquid hydrogen from LinDE built and operated plant, Torrance, Cal. 


STORAGE & STORAGE-CONVERSION UNITS 


Portable 

Aircraft storage-conversion—oxygen—Capacity: 5, 10, 25 
liters 

Storage-conversion cylinders—liquid oxygen (adapted also 
for liquid nitrogen, argon, neon, hydrogen service)—Capacity: 
3,000 cu. ft. 

Special liquefied gas refrigerator containers for biologicals, 
cryogenic research—Capacity: 25 and 640 liters 

Others with capacities up to 450,000 cu. ft., including mobile 
pumping units 

Stationary 

About 650 liquid storage or combination storage and conver 
sion units in service at customer, distributor, or mass-plant 
locations—Capacity: 10,000 to 75,000,000 cu. ft. 
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SIS 


PRODUCTION More than 50 plants for producing liquid 
or gaseous, Oxygen, nitrogen, argon, hydrogen, and rare gases 
(neon, krypton and xenon). 
Here are the capacities of a few centrally-located plants pro- 
ducing liquid: 
Essington, Pennsylvania—500 tons a day (12,000,000 cu. ft.) 
Fontana, California—175 tons a day (4,200,000 cu. ft.) 
Ashtabula, Ohio—500 tons a day 
Others at Kittanning (700 tons), Seattle (20 tons), Houston 
(40 tons), Birmingham (20 tons), East Chicago (900 tons), 
Most on-site plants operated for single-customer use pro- 
duce high-purity gaseous oxygen. Capacities range from 10 


tons a day to more than 500 tons a day. (One ton equals 
24,150 cu. ft., N.T.P.) 


DISTRIBUTION Over 100 storage and distribution in- 
stallations, plus hundreds of customer units are serviced 
by a LINDE built fleet of : 

More than 500 liquid-carrying railroad box tank cars. Stand- 
ard capacity: 1,000,000 cu. ft. (gaseous equivalent) 

Over 350 liquid-carrying trucks and trailers: Capacity: 
60,000 to 450,000 cu. ft. 


(More than % of these are equipped to convert liquid to gas 
at 3000 psi pressure) 


RESEARCH & ENGINEERING Of the combined staff of 1300 at three 


laboratories, more than 1000 engineers, scientists, and technicians are con- 
stantly adding to LINDE’s knowledge of Cryogenics and supporting sciences. 
Years of solving low-temperature problems, plus our up-to-date know-how of 
Cryogenic engineering, equipment, and liquefied gas applications are yours 
when LINDE becomes your source for cold facts and materials. 


Put LinpDe’s vast experience in Cryogenics to work for you 
LINDE engineers, experts in the latest developments in cryogenics for missiles, are at 
your call with technical service at every stage. Write Dept. AT-11, Linde Company, 
Division of Union Carbide Corporation, 30 East 42nd Street, New York 17, N.Y. 
In Canada, Linde Company, Division of Union Carbide Canada Limited, Toronto, 
“Linde” and “Union Carbide” are registered trade-marks of Union Carbide Corporation, 
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for immediate 


.../n accidental 
body contamination 


Injurious chemicals are instantly washed away by the cascading 
water from Haws Drench Showers. Simple pull-chain or foot treadle 
valves release a sudden rush of water — saving valuable seconds until 
medical help arrives. Chances of permanent injury are minimized, 
and insurance claims correspondingly lessened. HAWS Emergency 
peg Drench Showers are available in models to meet virtually any 
industrial need. WRITE TODAY —to find out the full story! 


DRENCH SHOWERS 


A product of 

HAWS DRINKING FAUCET COMPANY 
1443 Fourth Street * Berkeley 10, California 
EXPORT DEPT.: 19 Columbus Ave., San Francisco 11, Calif., U.S.A. 


ss EARTH SATELLITES PLATED 
af WITH SEL-REX BRIGHT GOLD 


...to provide maximum heat reflectivity and emissivity. This 
: patented formulation was also used to plate most internal parts 
3 and‘instrument housings in the U.S. IGY Earth Satellites. 


When the unique properties of precious metals are required — 
without the shortcomings of conventional electroplate — missile, 
electronic manufacturers, and government agencies specify SEL- 
REX. Learn why from our technical literature, free on request. 


PRECIOUS METALS DIVISION 


SEL-REX CORPORATION 


NUTLEY 10, NEW JERSEY 


® 


Manufacturers of Exclusive Precious Metals Processes, Metallic Power Rectifiers, Airborne, 
Power Equipment, Liquid Clarification Filters, Metal Finishing Equipment and Supplies. 
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Space Law and Sociology 
(CONTINUED FROM PAGE 48) 


Subcommittee was composed of Rep- 
resentatives Victor L. Anfuso, chair- 
man; Leonard G. Wolf; Walter H, 
Moeller; Ken Hechler; David S. King; 
Gordon L. McDonough; and Spencer 
M. Beresford, counsel. Rep. Anfuso 
spoke at the luncheon recess and Rep. 
King, Moeller, Hechler, and Wolf, and 
Mr. Beresford spoke during the ses- 
sions. Remarks of Rep. Anfuso were 
placed in the Congressional Record by 
Rep. John W. McCormack. 

Second, diplomatic personnel from 
Eastern European nations attended the 
meeting, including V. A. Kuznetsov, 
counsellor, and V. I. Oberemko, first 
secretary, of the Permanent Mission 
of the U.S.S.R. to the UN, and Jacek 
Machowski, counsellor, Permanent 
Mission of the Polish People’s Repub- 
lic to the UN. Machowski delivered 
a paper entitled “Problems of Space 
Law at the 13th Session of the UN 
General Assembly.” 

Third, university professors and 
jurists and sociologists from through- 
out America attended this Conference 
which constituted, in reality, the 
first great conference on the social sci- 
ences relating to astronautics. The 
effort was duplicated to a lesser degree 
in San Diego by the holding of the 
Space Law and Sociology Committee 
meeting on June 9, 1959. 

The papers read and the facts de- 
veloped at these Conferences un- 
doubtedly were most helpful to the 
members of the UN Legal Committee, 
because their Report, dated June 12, 
1959, re-expresses in somewhat atten- 
uated form the views covered in the 
IAF and meetings outlined 
previously. 


Priming the Pump 


It is also interesting to note another 
parallel development: During the fall 
of 1957, Welf Heinrich, Prince of Han- 
over, and the writer lectured at 26 
American universities and at numer- 
ous European universities on “The 
Law of Outer Space.” Following 
these lectures, the American Bar Assn. 
organized a Committee on the Law 
of Outer Space with David F. Maxwell 
(then retiring president of ABA) as 
chairman and the writer as_ vice- 
chairman. This Committee has been 
quite active over a period of two years. 
The American Bar Foundation re- 
ceived a grant from NASA for the pur- 
pose of supporting research by this 
Committee and the compilation of a re- 
port. The task was assigned to Nich- 
olas Katzenbach of the Univ. of Chi- 
cago and Leon Lipson of Yale Univ., 
and the report was submitted and 
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The True Test of Capability 


Not too long ago an editorial roundup on inertial 
guidance and navigation had an interesting quote: 
“An inertial guidance system is like a baby. It’s 
easy to conceive, but difficult to deliver.” 

The truth of this observation may have been lost 
in the midst of claims and counter-claims that have 
characterized the field since inertial guidance was 
accepted as feasible in 1949. But these claims have 
not altered the fact that delivery of a reliable iner- 
tial system remains the true test of capability. 

Sperry’s first claim is that it isn’t easy. 

In 1950 we undertook the most difficult technical 
inertial challenge—to provide inertial navigation 
of extreme accuracy, over many hours of operation, 
under most adverse environmental conditions and 
capable of operating reliably again and again over 
a period of years. 

Today, flight tests indicate that the Sperry 
Doppler inertial bombing-navigation system for 
Convair’s B-58 supersonic bomber is the most 


advanced and proven airborne inertial system. As 
a measure of the task, there have been 25 million 
man-hours employed to develop and produce this 
successful inertial guidance. But, as a result, the 
nation has in the B-58 Hustler the most thoroughly 
studied, analyzed, tested, evaluated and understood 
inertial guidance system in being. 


It is this understanding of things inertial that the 
Sperry team of scientists, engineers and production 
specialists can bring to the delivery of new inertial 
advancements for manned aircraft, space vehicles 
and for missiles and rockets. The B-58 bombing- 
navigation system is a development and product of 
Sperry’s Air Armament Division, Sperry Gyroscope 
Company, Division of Sperry Rand Corporation, 
Great Neck, New York. 

Engineers: A career with Sperry provides engi- 
neering’s highest challenges and most satisfying 
rewards. Write to R. F. Garbarini outlining your 
background and interests. 
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approved at the August 1959 meeting 
of ABA in Miami. 

It is quite impossible to discuss the 
ABA report in this brief summary of 
the year’s developments. The report 
is somewhat more satisfactory than the 
attenuated UN document cited above, 
but, as pointed out by the dean of 
commentators on space law, John 
Cobb Cooper, in referring to the con- 
clusions of the report: “Of much 
greater importance to me are the sec- 
tions of our Committee report dealing 
with the problem of air space and outer 
space boundaries. The body of the 
report seems to imply that this is a 
purely theoretical question not now 
urgent and which in fact may never 
need to be solved. 

“With this point of view I most 
vigorously disagree. As stated earlier, 
the report recognized the existence of 
two finite areas. In one of these, 
called the ‘air space,’ which is adja- 
cent to the earth, sovereign states have 
complete, absolute, and_ unilateral 
rights to control the entry or movement 
of all flight instrumentalities whether 
national or foreign. In the other area 
called ‘outer space,’ certain freedom 
should exist for all . . . 

“To me, it is a most practical and 
urgent question that there be early 
international agreement defining these 
areas. The problem presents more 


dangerous possibilities than the fixing 
of the boundary between national mar- 
ginal seas and the high seas. Yet 
states in the international community 
have deemed it urgent to agree to 
those boundaries. If discussion of the 
limits of air space and outer space is 
too long delayed, the problem will 
rapidly become almost insoluble. I 
am not prepared to agree to any state- 
ment which countenances such delay 
or minimizes the serious consequences 
that may ensue.” The writer officially 
concurred with the viewpoints of Prof. 
Cooper. 


Second Colloquium 


A final major development must be 
mentioned. The Second Colloquium 
on the Law of Outer Space of the In- 
ternational Astronautical Federation 
was held at historic Lincoln’s Inn in 
London on Sept. 4, 1959. Chairmen 
of this Colloquium were Christopher 
Shawcross, Q.C., world-renowned 
British lawyer, and Prof. Cooper. Co- 
chairmen included Rep. Anfuso, Luis 
de Gonzaga Bevilacqua (Brazil); 
Fritz Gerlach (Germany); D. Goed- 
huis (Netherlands); Robert Homburg 
(France); Manfred Lachs (Poland) ; 
Alex Meyer (Germany); E. Pépin 
(Canada); H. Safavi (Iran); Michel 
Smirnoff (Yugoslavia); and F. W. von 
Rauchhaupt (Germany). More than 


30 papers were presented by eminent 
lawyers and sociologists from more 
than a score of nations. 

The Permanent Legal Committee of 
the IAF was reconstituted into the 
Institute of Space Law of the IAF, 
and an organizing committee set up 
consisting of Christopher Shawcross 
as chairman; the writer as executive 
secretary; and Prof. Cooper, M. Hom- 
burg, Dr. Gerlach, and Dr. Smirnoff, 
In addition, the writer was elected 
general counsel of the IAF itself, with 
authority to serve as ex officio member 
of all IAF Committees and with the 
directive to appoint working groups to 
study and report on specific space law 
problems; and finally, to continue to 
represent the IAF before all sessions 
of the International Telecommunica- 
tion Union in matters pertaining to the 
use of the radio spectrum for astronau- 
tics purposes (see page 20). 

The truly happy marriage of the 
social and natural sciences was strik- 
ingly exemplified in Moscow on Sept. 
14, 1959, when the writer (a social 
scientist), retiring IAF President, heard 
his successor, Leonid I. Sedov (a nat- 
ural scientist), disclaim Russian sover- 
eignty over the moon as a result of 
the successful U.S.S.R. moon shot. 
The natural scientist bespoke the 
juridical philosophy of his colleague! 


o¢ 


Aid for 
Technological Pioneers 


in the fields of Missiles and Aircraft 
Electronics, Nuclear Energy 
MAGNESIUM-THORIUM This lightweight material has 


creep resistance and good yield strength at elevated tempera- 
tures. B&P produces rolled HK-31 sheet and specializes in 
HK-31 assemblies for missile and electronic applications. 


ELECTROPLATING OF MAGNESIUM Ideally suited to 
a wide range of electronic applications, electroplated Magnesium 
is easily soldered. B&P plates Magnesium with copper, tin, 
nickel, chromium, silver and gold to your requirements. 


BORAL The first commercial source of Boral, B&P is equipped 
to supply assemblies as well as Boral plate in any concentration 
of boron carbide required for nuclear reactor use and other 
applications, 


TITANIUM Using its techniques developed for Magnesium, 
B&P produces unusually deep draws in Titanium with a single 
stroke of the press. B&P also stretch forms, press-brake forms 
and welds Titanium fabrications. 


FREE DATA BOOK on Magnesium and Titanium. Comprehen- 
sive, illustrated, physical properties, design data, etc. Write on 
your letterhead to: 
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BROOKS & PERKINS, INC. 


1932 WEST FORT ST., DETROIT 16, MICH. 


TASHMOO 5-5900 


a 
| 


NO MONDAY 


MORNING 


QUARTERBACK 


| KK KOK CK CK CK CK CK KKK KK 


Good management, like a good quarterback, calls the right signals during the game and 
not on Monday morning. In the field of aviation and space, management must also call the 
right signals now for a game that won't be played for years to come. 

At Grumman, the signals have already been called for nuclear propulsion systems, for the 
plasma harnessing of hydrogen fusion, for missiles, for hydrofoil seacraft, and for others 
still classified. 

At Grumman, the signals that were called years ago have won design competitions: the 
A2F, a carrier-based attack fighter; the Mohawk, a twin turboprop higher-performance 
observation airplane for the Army; and the Eagle, an air-to-air and air-to-ground missile. 
At Grumman, Monday morning is the beginning of the future. 


G re U IVI Wi A mw AIRCRAFT ENGINEERING CORPORATION 
Bethpage - Longisliand - New York 
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Improved Tracking System 
For Atlantic Missile Range 


Plans for an improved tracking sys- 
tem, capable of measuring changes in 
missile position of one-tenth of a foot 
at distances hundreds of miles down 
range from Cape Canaveral, have 
been announced by Maj. Gen. Donald 
F. Yates; AFMTC Commander. The 
system, called Azusa Mark II, will also 
give the Atlantic Missile Range im- 
proved tracking potential at ranges to 
the moon and beyond. 

Gen. Yates’ announcement came 
after the award of a $1.7 million con- 
tract to Convair-Astronautics for in- 
stallation of the system, which it de- 
signed and built. It will replace the 
original Azusa system, used to track 
missiles at the range since 1954, and 
will be ready for operation as range 
equipment next year. 


Solid Rockets 
(CONTINUED FROM PAGE 47) 


plicity, and flexibility. This research 
and development work has not im- 
peded the constant effort to improve 
specific impulse and mechanical prop- 
erties with existing propellants. Two 
to three per cent is the normal annual 
increase in specific impulse, which is 
now above 250 sec. Some of this 
added impulse must be attributed to 
the use of lightweight metals which 
have increased flame temperatures. 

One of the bonus items which 
emerged from the use of lightweight 
metals to increase specific impulse was 
the overcoming of the — so-called 
“plague” of the solid rocket industry 
since its earlier days, i.e., resonant, or 
unstable, burning. Research at Acous- 
tica Associates Inc. and Georgia Tech, 
according to reports, indicates that 
this phenomenon, if controlled, can be 
utilized to control the burning rate of 
the propellants and may be a break- 
through in the throttling of solid rock- 
ets. 


Mechanical Properties 


One significant trend in propellant 
chemistry is the consideration being 
given to propellant mechanical prop- 
erties, which up to this time were con- 
siderations secondary to specific im- 
pulse. With the cast-in-case, case- 
bonded propellant grains, mechanical 
properties have been found to de- 
crease when compared to a free-stand- 
ing propellant grain. Of what avail 
was an increase in specific impulse if 
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the propellant would not adapt to the 
wide temperature limits to which the 
finished rocket motor is exposed? 

This question—actually long a chal- 
lenge to chemists, stress analysts, and 
physicists—may now be resolved, and 
the secret to very large solid rocket 
motors may have been found. For ex- 
ample, according to reports, Atlantic 
Research Corp. has significantly ex- 
tended present firing-temperature lim- 
its. 


Continuous Mixing 


This year has also found all major 
propellant developers concentrating on 
the process of “continuous mixing” of 
propellants. If a propellant were de- 
veloped which could be cured without 
the application of heat and contin- 
uously mixed, it would afford a tre- 
mendous on-site loading capability. 
This is of particular merit for very 
large rocket motors. 

Indications are that the mass (pro- 
pellant) fraction may increase from 
the present maximum of 0.92 to 0.95. 
This advancement in mass fraction will 
be realized through the efficient utili- 
zation of improved inert-part mate- 
rials, such as steel, titanium, and 
Fiberglas. The steel companies are 
concentrating on materials with tensile 
strengths up to 300,000 psi. Concur- 
rent programs are being conducted for 
maximum utilization of these mate- 
rials, i.e., maintaining their full 
strength during processing. 

Titanium processing for use in 
rocket chambers and nozzles is being 
studied by at least two major com- 
panies. The major hurdle with ti- 
tanium as with steel is the develop- 
ment of full strength after processing, 
welding, and forming. This year will 
probably see the use of some small ti- 
tanium cases. 

The most serious problem limiting 
the strength of metallic inert parts is 
that of “notch sensitivity,” which af- 
fects large units by causing failure 
during hydrostatic testing. Even af- 
ter extensive X-ray or magnetic-part- 
icle testing, a notch is not always de- 
tected. The phenomenon and its cure 
are being studied by structural and 
metallurgical specialists. 

Young Div. of Hercules Powder Co. 
has been investigating the use of Fi- 
berglas as a primary inert-parts ma- 
terial. This type of construction is 
being considered for use in some of 
our larger units.  All-Fiberglas noz- 
zles, in addition to rocket chambers, 
have been developed and tested, uti- 
lizing end-grain Refrasil with very lit- 
tle erosion during fairly long burning 
times. 

A serious limitation on present-day 
propellants is the lack of suitable ma- 
terials for nozzles. Preliminary studies 


have indicated the feasibility of uti- 
lizing various methods of nozzle cool. 
ing. Some of the systems being stud- 
ied involve secondary propellant 
charges, transpiration, film cooling, 
and supplementary heat sinks. How. 
ever, much concentrated effort must 
be applied before these studies can 
provide an efficient solution to the noz- 
zle problem. 

Chamber liners still are under con- 
stant scrutiny from an efficiency and 
reliability standpoint. Astrodyne re- 
portedly has a rubber and _ asbestos 
liner that gives high protection from 
some of the present-day high-temper- 
ature propellants over a long burning 
time (in excess of 3 min). However, 
the mechanical properties of the liner 
and its ability to bond to propellant 
and chamber must be constantly re- 
evaluated before new propellants can 
be used on production motors. 

Very little information is available 
on the progress of the Minuteman, 
Pershing, and Polaris rocket systems 
except that the last is now in flight- 
testing status. It must be presumed 
that the first two are undergoing nor- 
mal development problems which re- 
quire only time to resolve. 

The future does look promising for 
this fast-moving industry. True, there 
are problems which must be solved by 
the concentrated effort of chemists, 
physicists, structural designers, ballis- 
ticians, and the whole host of scien- 
tists. Some of the important areas are 
the development of high-energy fuels 
and oxidizers (including metal 
drides), more efficient thrust-level 
control, and vector-control methods. 


Major Problems Solved 


Aerojet is reportedly spending a 
quarter of a million dollars in the de- 
velopment of a rocket motor which will 
deliver a thrust of a million pounds for 
more than 30 sec. Such a program 
would indicate that they feel most of 
the major problems have been solved 
or at least have been resolved into a 
group of relatively minor items. 

The ARPA budget indicates that 
there will be a development program 
for a million-pound-thrust rocket mo- 
tor. This is a step in the right direc- 
tion. It is hoped that all the design 
requirements will be met, since they 
will lead to larger and more efficient 
rocket motors for use in some of our 
larger space vehicles. 
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by BELL 


DISCOVERER ORBITS WITH A 
PUSH FROM BELL AIRCRAFT 


Scientific exploration of space is being 
conducted with the Discoverer satellite to 
prepare the way for man’s eventual flight 
into orbit and beyond. 

Bell Aircraft’s rocket engineers have 
developed and built the 15,000-pound 
thrust rocket engine which gives Discov- 
erer the final boost into orbit and, its job 
done, circles the earth with the satellite. 

Using unsymmetrical dimethylhydra- 
zine and red fuming nitric acid as propel- 
lants, the Bell engine demonstrates the 
highest possible performance of any 
rocket engine in its thrust range. 

This small but powerful propulsion 
unit is one of the products of Bells ex- 
tensive experience in the field of rocketry 
spanning a period of more than 15 years. 
Bell engineers also are doing important 
developmental work with fluorine for the 
Air Force. 

The Discoverer engine is provided un- 
der sub-contract to Lockheed, which is 
building the satellite for the Advanced 


Research Project Agency. 


MEL 


MEANS MORE THAN AIRCRAFT 
BELL AIRCRAFT CORP., BUFFALO 5, N. Y. 
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Hot Gas Generator 
Spin Stabilization System 


A hot gas generator spin stabilization 
system designed for use in the Navy’s 
Polaris missile has been developed by 
Garrett Corp.’s AiResearch Mfg. Co., 
9851 Sepulveda Blvd., Los Angeles 
for the Lockheed Missiles and Space 
Div. 

Weighing less than 3 lb, the system 
consists of a high-energy solid-pro- 
pellant gas generator and two super- 
sonic thrust nozzles with appropriate 
tubing for installation within a given 
envelope. The generator incorporates 
electric pyrotechnic ignition, a time 
delay, and a composite-base propellant 
in a single cartridge, with a 4-in. cyl- 
inder of propellant ignited after a 
specified time delay and burning at a 
pressure of 1000 psi and with flame 
temperature of 3000 to 4000 F for 0.2 
sec. 


Liquid Rockets 
(CONTINUED FROM PAGE 38) 


extensive testing of the entire engine 
is undertaken. 

So far as decreasing the large num- 
ber of major components is concerned, 
it is obvious that simplification of the 
entire engine system is in order. In 
this regard, pressurization systems to 
replace the conventional turbopump 
system are mandatory. Low chamber 
pressure operation will result in the 
use of pressurized units rather than 
turbopumps. It is easy to prove that 
operation at 100 psia chamber pres- 
sure, or below, will result in increased 
reliability even though it increases 
weight. The tradeoff between weight 
and reliability deserves serious con- 
sideration. 

In the area of propellants, estab- 
lished combinations in current use or 
development are lox and RP-1, lox and 
hydrogen, N.O, and hydrazine, and 
minor variations thereof. Some of 
these are storable, others cryogenic. 
It is pertinent to point out that pro- 
pellants contribute in a large measure 
to the reliability of a rocket engine. 
Cryogenics usually require added 
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handling otherwise not needed for 


storables. Low temperatures asso- 
ciated with cryogenics represent areas 
of unreliability. In general, the cryo- 
genics yield better performance in 
terms of specific impulse than stor- 
ables. The table below gives the 
performance of some selected cryo- 
genic and storable combinations. 

The table includes only those com- 
binations that yield a specific impulse 
greater than 250 sec. Bulk density is 
included because of its importance in 
determining the mass ratio of a ve- 
hicle. It is seen that there are storable 
combinations having comparable spe- 
cific impulse and higher bulk density 
than lox and RP-1. 


Advantages of Storables 


Although there are valid reasons, 
such as relatively low cost and accu- 
mulative experience to use lox and 
RP-1 for our current programs, the 
fact that storable combinations such 
as NoH, and CIF, possess advantages 
from the standpoint of specific impulse 
and bulk density cannot be minimized. 
While admitting we do not have suffi- 
cient experience in the use of such 
combinations at present, it is believed 
that for future generations of liquid- 
propellant rockets storable combina- 
tions might well be selected, at least 
for the booster stage. 

Again it must be pointed out that 
the tradeoff between performance and 
reliability must be given serious at- 
tention, and it is believed here that 
reliability should supersede other con- 
siderations. 

In any event, it is obvious that an 
advanced research project on liquid 
propellants equivalent to Project Prin- 
cipia on solid propellants is of sufficient 
importance to future space programs 
to warrant integrated investigation by 
the rocket industry. 


PROPELLANT PERFORMANCE 
Nonstorables 


Specific 
Impulse Bulk 
Fuel Oxidizer (sec)* Density 


He Fy 362 0.41 
He O2 349 0.25 
NoHy NF; 294 1.37 
NH; F,O 292 
Al(BH,); O; 291 0.78 
MMH oO, 272. 

RP-1 261 0 

Storables 

NoH, ClO.F 262 
NoHy CIF; 260 
UDMH ClO.F O54 1897 
UDMH 


*300 psia and 14.7 psia exhaust pressure 


Bibliography 


Andrews, E. G. D. and Mottram, W. T.,, 
“Liquid and Solid Propellants for gel ” Roy 
Aero. Soc. Journal, vol. 63, April 1959, j 

Baxter, A. D., “Rocket Development i in "1058, 
Engineer, vol. 207, Jan. 2-9, 1959, pp. 24-27, 
66-68. 

Carpenter, R. A., “Recent Advances in Boron 
Technology,” ARS Journal, vol. 29, Jan. 1959, 
pp. 8-14. 

Chao, G. T. Y., “Isothermal Compressibility 
of Lox and RP-1,” ARS Journal, vol. 29, March 
1959, pp. 199-203. 

“Choosing a Propellant, Chemical Fuels for 
Rocket Motors,” Engineering, vol. 187, Feb. 27, 
1959, p. 279. 

Cox, R. B., “Successful Research Rocket,” 
Aircraft & Missile Mfg., Sept. 1959, p. 36. 

“Cyanogen and Hydrogen Cyanide Studied 
for High-Energy Rockets,” Space/Aeronautics, 
vol. 31, Feb. 1959, p. 62. 

Dixon, T. F., “Prophecy for Propulsion,” 
Aero/Space Engrg., vol. 18, Feb. 1959, pp. 35- 


“Electronics in Space: Propulsion,” Elec- 
tronics, vol. 32, April 24, 1959, pp. 69-71. 

Farber, M., “Thermodynamics of Al2Os,” Jet 
Propulsion, vol. 28, Nov. 1958, pp. 760-762. 

Feeley, D. M., and others, “Fuels Strain at 
Gravity’s Bonds,” Chem Engrg., vol. 66, Jan. 26, 
1959, pp. 88-89. 

all, J. F., “Recent Advances in Fluorine 
Chemistry and Technology,” ARS Journal, vol. 
29, Feb. 1959, pp. 95-103. 

Gill, G. S., “Rocket Engine Performance” 
(Rocketdyne), SAE Journal, Aug. 1959, p. 81. 

Gordon, J. S., “High-Temperature Chemistry 
as Applied to Metal-Based Propellants,” Jet 
Propulsion, vol. 28, Nov. 1958, pp. 769-770. 

Green, L., Jr. and Carter, J. M., ““Performance 
Calculations of Hybrid Nuclear-Chemical Rocket 
Propulsion Systems, “ARS Journal, vol. 29, 
March 1959, pp. 180-186. 

Gremus, M., “Liquid Injection for Solid 
Rocket Thrust Control,” Space/Aeronautics, vol. 
31, April 1959, pp. 59-61. 

Kluger, P. and Farrel, E. C., “Digital Com- 
puter Analysis of Transients in Liquid Rocket 
Engines,” Jet Propulsion, vol. 28, Dec. 1958, 
pp. 804-809. 

“Lunar Journey,” Engineering, vol. 187, 
March 13, 1959, pp. 332-334. 

Millard, W. R. and McKetta, J. J., “High- 
Energy Fuels: Miscellaneous Energy,” Pet. 
Refiner, vol. 38, Jan. 1959, pp. 202-203. 

“Motors for Guided Weapons,” Interavia, 
Aug. 1959, p. 932. 

Olds, R. H., “Optimum Proportioning of Two 
Propellants to Obtain Maximum Burnt Velocity,” 
ARS Journal, Aug. 1959, p. 598. 

Perry, C. W., “High-Energy Fuels for Jet 
Propulsion Engines,” Can. J. Chem. Engrg., vol. 
36, Dec. 1958, PP. 247-251. 

Pickering, W. H., “Missiles, Rockets, and 
Spaceflight,” Elec. Engrg., vol. 78, May 1959, 
pp. 449-459. 

Potter, R. L., and others, “Rocket Working 
Fluids: Hydrogen and Helium,” Ind. Eng. 
Chem., vol. 50, Oct. 1958, pp. 1557-1560. 

Shealla, R. L. and Fletcher, E. A., “Ignition 
Behavior of Various Amines with WFNA,” ARS 
Journal, vol. 29, Jan. 1959, pp. 33-39. 

Sloop, J. L., ‘“‘Rocket Propulsion Requirements 
for Satellites and Moon Missions,” Aero/Space 
Engrg., vol. 17, Nov. 1958, pp. 36-44. 

“Space Probes and Satellites, A S y 
Progress,” "petite vol. 187, May 8, ie 
pp. 615-616. 

“State of ‘the Art: Propulsion,” Space/Aero- 
nautics, vol. 31, March 1959, pp. 52-53. 

Sweeney, R., “Atlas to Play Major Space 
Booster Role,” Space Tech., July 1959, p. 34. 

Wood, W. S., “Some Development in the 
Field of Chemical Propellants,” Chem. & Ind., 
Jan. 31, 1959, pp. 136-142. 


Aerojet Reports 


“A Brief Study of Storable Liquid Propellant 
Rocket Vehicles for Ballistic Application,” Dec. 
1, 1958, Aerojet (LRP) Report CR 120. Conf. 
(15455) 

“Current High-Thrust Engines,” Aerojet 
(LRP) CR-105, vol. 1. Conf. (13490) 

Gibb, J., “Liquid Rocket Engine Parametric 
Study,” Feb. 10, 1959, Aerojet (LRP) LRP-124 
(16256) 

“Propellant Selection and Design Considera- 
tions for High-Thrust Booster Rocket Engine,” 
Oct, 10, 1958, Aerojet (LRP) CR 118. Conf. 
(15670) ee 


39. 


ibility 


March 


Is for 
bs 


cket,” 


udied 
lutics, 


, vol, 


SVS 


2819 


-PROGRESS 


all you need 


w store NITROGEN TETROXIDE 
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This liquid-fuel oxidizer needs no refrigeration, causes no freeze-ups 
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careers 
an control 
of space 


For 74 years, Minneapolis Honeywell has 
pioneered and led the development and 
production of advanced automatic con- 
trols. Today, with work in this area more 
demanding and more rewarding, new op- 
portunities exist for engineers. 

PRODUCTION: Develop and establish as- 
sembly processes for a wide range of 
products. Requires background in com- 
plex devices such as gyros, acceler- 
ometers, flight systems, and a thorough 
knowledge of production processes. 

EVALUATION: Test engineer interested in 
career in development, qualification, 
reliability testing. Must be graduate 
engineer with electronic background. 

ADVANCED GYRO DESIGN: Engineers with 
two and up to twenty years’ experience 
in such areas as precision gyro mech- 
anics, servo techniques, digital data 
handling, electronics packaging, ad- 
vanced instrumentation and magnetic 
components design. 

FLIGHT CONTROL SYSTEMS: Analytical, sys- 
tems, component engineers to design 
and develop advanced flight reference 
and guidance systems. Prefer airborne 
systems or servo experience. 

FIELD SERVICE: Monitor airborne system 
performance in U.S. and overseas. Con- 
duct training, liaison with military, 
BSEE preferred, or graduate engineer 
with high electronic aptitude. 

GROUND SUPPORT: Senior engineers with 
logical design experience and engineers 
with experience in ground support or 
related areas. Outstanding growth op- 
portunity in new division. 

If you're interested in a challenging career in 

advanced automatic controls, write Mr. Bruce 

D. Wood, Technical Director, Dept. 68C. 


Honeywell H 


AERONAUTICAL DIVISION 
1433 Stinson Blvd., N.E., Minneapolis 13, Minn. 


Guidance and Navigation 
(CONTINUED FROM PAGE 33) 


weapon delivery control, navigation; 
and cruise control. To top off such 
amazingly versatile capabilities, pro- 
vision is generally made for automatic 
inflight self-checking. These rapid de- 
velopments in the art of data process- 
ing and computation will fulfill in 
timely fashion the requirements for 
navigation in space. 

Further extensions of digital capa- 
bilities are insured by a healthy back- 
up of component improvement and re- 
search. Improved production tech- 
niques are increasing the reliable 
ranges of transistors in power, fre- 
quency, and temperature. Micromod- 
ules (comprised of microelements ) 
now under development may yield a 
10:1 reduction in size under present 
transistorized circuits. | Researchers 
are also working on reducing compo- 
nent unreliability and size by eliminat- 
ing the component as such. This they 
hope to accomplish by a rather diabolic 
game called molecular electronics, or 
“moletronics.” This new school of 
science includes rearranging the array 
of atoms and ions within a pure single 
crystal of material to produce a syn- 
thetic material with desired electrical 
qualities. The specified irregularities 
of atomic alignment are achieved by a 
systematic introduction of impurities 
or structural imperfections. It may 
soon be fashionable to engrave the 
Lord’s Prayer on the head of an ampli- 


fier. 
Atomic Clock Development 


To change the subject, what im- 
provements are being made in the 
navigator’s chronometer? You can't 
navigate on the earth’s surface, below 
it, or above it, and certainly not in 
space, without a good clock. Ad- 
vances in this area center about prog- 
ress in the development of atomic 
clocks. Work on these ultraprecise 
frequency standards is proceeding to a 
point where packages of usable propor- 
tions for airborne and space use can be 
foreseen. Accuracy, including stabil- 
ity and reproducibility, is generally 
forecast to be between 1 part in 10° 
and 101°, 

These devices use gaseous atomic 
resonances, responding to a minute 
range of frequencies, to stabilize the 
frequency of an electronic crystal oscil- 
lator. Accuracy is determined by the 
ratio of the frequency range to the 
resonant frequency. In addition to 
uses in military and astronautic naviga- 
tion, these clocks are being booked for 
some interesting scientific experiments. 
By orbiting them at various heights 
and comparing them to terrestrial time- 


pieces, it is intended to check both 
special and general theories of rela- 
tivity. Further experiments are 
planned to check velocity of light and 
gravitational phenomena. 

The guidance and navigation fra- 
ternity has been busily engaged in 
planning for its role in space travel.® 13 
This is stimulating exercise and will 
provide a good bag of tricks to be used 
when they are needed, which, follow- 
ing an historic pattern, will be when 
our flamethrowing brethren of propul- 
sion addiction can supply the power. 
In the meantime, we try to maintain 
our sense of humor!* and hope for the 
best. 
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Eagle Missile Contractors 


The Navy’s air-to-air Eagle missile 
system will be developed by the fol- 
lowing industry group headed by 
prime contractor Bendix Aviation: 


Grumman Aircraft Engineering Corp., 
airframe, propulsion, and launching 
systems, and some ground equipment; 
Sanders Associates Inc., guidance ele- 
ments; Litton Industries, tactical com- 
puter; and Westinghouse Air Arm 
Div., airborne intercept radar. 


| 
SSN 
| 
| 


perations 
Research 
cientists: 


Need time to develop 
your ideas? 


Most scientists engaged in operations research 
work seem to feel that they cannot do their most 
productive work when they are constantly 
fighting unrealistic deadlines. 


The operations research programs at System 
Development Corporation are carefully planned 
to provide ample time for the development of 
new ideas that apply to the development of large- 
scale, computer-based information-processing 
systems. 


The following are just a few examples of the 
areas in which Operations Research Scientists 
work at SDC: (1) simulation and operations 
gaming techniques in problems of control 
systems; (2) mathematical logic applied to 
universal computer languages; (3) medical data 
processing; (4) stochastic modeling of man- 
machine interactions; (5) logistics; (6) test 
design for operational computer programs. 


Operations Research positions are now open for 
scientists at several levels of experience. Please 
send your inquiry to Mr. E. A. Shaw, SDC, 
2401 Colorado Avenue, Santa Monica, Calif. 


“Application of Computer Simulation to 
Production System Design,” a paper by Allen 

J. Rowe, is available upon request. Send request 
to Dr. Rowe at SDC. 


SYSTEM DEVELOPMENT 
CORPORATION 


Santa Monica, California * Lodi, New Jersey 
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Technical Program 
( CONTINUED FROM PAGE 61 ) 


boosters, advances in static testing, 
ignition systems, and design consid- 
erations for the use of spiralloy glass- 
reinforced filament-wound structures 
as rocket inert parts. The classified 
ramjet session will include papers on 
ramjet power for supersonic low-alti- 
tude vehicles, direct flying costs of 
ramjet aircraft, and performance of 
liquid-fuel ram-rockets. 

Four sessions on the morning of 
Wednesday, Nov. 18, will deal with 
structures and materials in near-space, 
current problems of space travel, test 
facilities and ground-support equip- 
ment, and miniaturization. Mean- 
while, a Secret session will be devoted 
to a survey of storable propellants and 
combustion oscillations. 

The structures and materials session 
will deal with simulation of environ- 
mental conditions in near-space, sur- 
face behavior in near-space, materials 
in energy-conversion systems, and de- 
velopment of the Project Mercury cap- 
sule pressure vessel, while the space- 
flight session will feature a discussion 
on the comparative advantages of 
high- vs. low-thrust vehicles, radia- 
tion problems in low-thrust flight, and 
survival equipment for emergencies. 


The missile and GSE _transporta- 
tion environment, a look at the moon 
from the standpoint of support-equip- 
ment designers, ion-engine test lab 
planning, and altitude-facility rocket 
testing will be discussed in papers 
scheduled for presentation at the test 
facilities session, while the miniaturiza- 
tion session will feature papers on 
space computers, data recovery, semi- 
conductor solid circuits, macromod- 
ules, and molecular engineering. 


Propulsion Sessions 


Afternoon sessions will be devoted 
to plasma propulsion (with seven 
papers scheduled for presentation ) , re- 
coverable boosters, payload instrumen- 
tation, and liquid rockets. The recov- 
erable booster session will highlight a 
special panel discussion on the sub- 
ject, as well as papers on the eco- 
nomics of recoverable two-stage or- 
bital carrier vehicles and characteris- 
tics of winged recoverable boosters. 
The instrumentation session will deal 
with such subjects as atomic clocks; 
aspect sensing, astrostat design, and 
orientation control; and instrumenta- 
tion for magnetic-field studies. A 
6000-lb-thrust nitrogen tetroxide- 
hydrazine system, high-discharge pres- 
sure hydrogen pumps, and single- vs. 
multiple-chamber boosters will come 


up for discussion at the Confidential 
session on liquid rockets. 

A second space law and sociology 
session, a session on power systems, 
and the first of two Secret sessions de- 
voted to recent advances in nuclear 
propulsion are on the agenda for 
Thursday morning. Nine papers will 
be offered at the space law session, 
with five scheduled for the power sys- 
tem session. The nuclear propulsion 
session will spotlight the first papers on 
Kiwi-A design details and testing. 

Second power system and _ nuclear 
propulsion sessions round out the tech- 
nical program on Thursday afternoon. 
The power system session will feature 
papers on solar heat-to-electricity con- 
version, regenerative fuel cells, space 
power stations, and basic energy con- 
version in space vehicles. 

It is interesting to note that, of the 
105 unclassified papers scheduled for 
presentation at the meeting, more than 
two-thirds are directly concerned with 
astronautics and space research or ex- 
perimentation. The breadth and 
scope of the Society's activities has 
never been more clearly indicated than 
in this technical program. 

Even this brief rundown of the pro- 
gram will serve to indicate that it is 
something no engineer or scientist who 
is working in the field of astronautics 
or rocketry can afford to miss. o¢ 
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and Race 


Steel Ball 


RECOMMENDED USE 


; For types operating under high 
Stainless Steel Ball and Race { semper (800.1200 degrees F.). 


Chrome Alloy Steel Ball { For types operating under high radial 
ultimate loads (3000-893,000 Ibs.). 


Bronze Race and Chrome { For types operating under normal loads 
with minimum friction requirements. 


Thousands in use. Backed by years of service life. Wide variety of 
Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in similar 
size range with externally or internally threaded shanks. Our Engi- 
neers welcome an opportunity of studying individual requirements 
and prescribing a type or types which will serve under your demand- 
ing conditions. Southwest can design special types to fit individual 
specifications. As a result of thorough study of different operating 
conditions, various steel alloys have been used to meet specific 
needs. \. rite for Engineering Manual No. 551.Address Dept. AST-59 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 


details. 


RESEARCH ENGINEERS 


Young engineers with M.S. or Ph.D. degrees in 
Mechanical Engineering or Mechanics are 
invited to inquire about research positions in 
analytical mechanics, dynamics of machines, 
vibration analysis or stress analysis. 
knowledge of applied mathematics and the 
fundamental principles of mechanics is re- 
quired. We work on a wide variety of sub- 
jects, presently including aircraft landing-gear 
system dynamics, missile and satellite trajec- 
tory studies, dynamics of high-speed shafts, 
and advanced kinematics of mechanisms. 


Our staff members enjoy many advantages, 
not the least of which is an excellent oppor- 
tunity for advanced study at Illinois Institute 
of Technology and other universities. 


Write us of your interest; we will send you full 


ARMOUR RESEARCH FOUNDATION 


of Illinois Institute of Technology 
10 West 35th Street 
Chicago 16, Illinois 


A good 


E. P. Bloch 
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These R&D Projects for Future Decades in Space 
typify Lockheed’s vast program of Air/Space Science 


@ New programs under development at Lockheed’s 
California Division are planned to solve America’s 
future exploration projects into space. The new 
multimillion-dollar Research Center in nearby San 
Gabriel mountains is further evidence of Lockheed’s 
determination to support and supplement its already 
extensive research and development activities. 

As a result of this markedly expanded program, 
there is urgent need for engineering and scientific 
personnel with high-level technical skills. 

Long a leader in advancing the science of flight, 
Lockheed is placing vast resources and accumulated 
knowledge into programs designed to provide major 
breakthroughs in the fields of: Basic and applied 
research; manned aircraft of advanced design; 
missiles and spacecraft. Some of these important 
research and development programs are: 

High Altitude Flight Vehicles with speed ranges 
between Mach 8 and 25. Problems associated with 


LOCKHEED 


CALIFORNIA DIVISION 
BURBANK, CALIFORNIA 


landing Manned Space Vehicles capable of hyper- 
sonic glide or orbit about the earth. Infrared System 
studies as an advanced method of detecting ultra- 
sonic missiles and high-speed aircraft. Solar Radia- 
tion studies. Vertical Take-Off and Landing and 
“air recovery’ vehicles. Helicopters. Supersonic 
Transports. 


High caliber scientists and engineers are invited to 
investigate Lockheed’s outstanding career opportu- 
nities. Openings now exist in: Aero-thermodynamics; 
propulsion; armament; electronics—research and 
systems; servomechanisms—flight controls; sound 
and vibration; operations research; physics; 
antenna and telemetry; underwater sound propaga- 
tion; and for engineers with experience in structural, 
electrical and mechanical design. 


Write today to: Mr. E. W. Des Lauriers, Manager 
Professional Placement Staff, Dept. 3111, 2400 North 
Hollywood Way, Burbank, California. 


New Multimillion-Dollar Research 


Center under construction in Southern 
California’s San Gabriel Mountains — 
designed to house most of the research 
facilities of Lockheed’s California 
Division. Here will be found advanced 
research facilities in all fields related 
to atmospheric and space flight. 


Space transports capable of 
transporting — to an orbit of more than 
1000 miles —a pilot and 1000 pounds 
of payload, or three passengers 
equipped to work in space. 
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Tl needs more Tom Gibbs’s ma Physics, u 


niversity of Texas 


MISSILE ELECTRONIC SYSTEMS DESIGNERS 


Senior Electronics Engineers like Tom Gibbs (7 missile projects 
in 8 years) are needed for evaluating military specifications 
to formulate missile guidance and control techniques. Engi- 
neers with 3 to 10 year’s experience in generating preliminary 
system designs, determining functional components and estab- 
lishing tolerances and predicting performance can be used 
immediately. Qualified men with EE, ME Physics or Math 
degrees write in confidence to John R. Pinkston, Dept..+111. 


PROFESSIONAL 


PLACEMENT 


INSTRUMENTS | 
INCORPORATED 


* 6000 LEMMON AVENUE 


DALLAS 9, TEXAS 


SUPERVISORY 


Aerodynamicists 


Preferably with advanced 
degrees and at least 
6 years experience in: 


¢ Aerodynamic Analysis 


Stability, Vehicle Dynamics 
and Trajectory Mechanics 


¢ Preliminary Design 
¢ Theoretical, Experimental 
or Applied Research 


. .. fo work in these specialties on 
problems related to flight of lifting 
and non-lifting vehicles at extremely 
high speeds and altitudes. 


Attractive working environment close 
to metropolitan Boston. 


Write to: Mr. Richard Rubino 
Scientific and Technical Relations 
Dept. FD3 


Kesearch & Advanced Development 


= 201 Lowell St., Wilmington, Mass. 
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Parabolic reflectors up to 32’ diameters, 
complete with feed systems to meet specific 
needs, including dual polarization. Taco is 
one of the world’s largest suppliers of para- 
bolic antennas to the military and commercial 
markets. 


Write for complete technical data... 


MAME 


TECHNICAL APPLIANCE CORPORATION 
SHERBURNE, NEW YORK 


Underwater Propulsion 
(CONTINUED FROM PAGE 51) 


underwater propulsion should be simi- 
lar to those of high-speed aircraft or 
rockets. 

The third reason for using jet pro- 
pulsion is the ducting of the propul- 
sion stream, which permits the use of 
this stream for the reduction of the 
drag of the propelled body. 

On the basis of the foregoing con- 
siderations it is clear that the general 
technical field to be covered by the 
ARS Underwater Propulsion Commit- 
tee will be underwater jet propulsion 
and its applications. This general field 
involves the following specific areas: 
Energy sources, powerplant and thrust 
producers, drag and its relation to pro- 
pulsion, application of underwater jet 
propulsion to military missions and to 
transport, and systems considerations 
on underwater propulsion and_ve- 
hicles. 

Energy sources to be considered are 
obviously those not dependent on the 
availability of atmospheric air. The 
resemblance of this requirement to the 
conditions applying to space propul- 
sion and powerplants is rather striking, 
except for the availability of solar 
energy in the latter field. The energy 
sources are obviously either nuclear or 
chemical, including aspects concerning 
the direct conversion of these energies 
into electric power. 

Powerplants and thrust producers 
are named together, as they are not 
separable in cases resembling rocket 
propulsion. Underwater rockets, 
which should be given first considera- 
tion, are likely to be used mostly in 
connection with some form of “aug- 
mentation.” In addition, it is expected 
that some propulsion devices, corre- 
sponding to the aerial ramjet, pulsejet, 
turbojet, or turbofan will occupy im- 
portant places in the activities spon- 
sored by this Committee. Nuclear 
powerplants must receive extensive 
consideration as far as their problems 
are peculiar to underwater propulsion. 

Drag considerations will apply pri- 
marily to the relationship between fric- 
tion or form drag and the flow induced 
by the propulsion plant. A prominent 
example of this is boundary-layer con- 
trol by means of the propulsion stream, 
which should be more promising for 
buoyant bodies than for airplanes, 
since for the former, skin friction and 
form drag constitute the total drag of 
the body. 

Applications to undersea warfare 
are at present practically the only ap- 
plications made of underwater propul- 
sion. However, the potential value of 
submerged bodies for overseas trans- 
port is beginning to be recognized. 

Systems considerations, particularly 
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VINCO CORPORATION 
9111 Schaefer Highway 
Detroit 28, Michigan 


Do you need 


EXTREMELY ACCURATE TEST STA 


Inertial Guidance Syste 


see VINCO 


Precision has been Vinco’s most important prod- 
uct for more than thirty years. The ability to 
work to extremely close tolerances is an indis- 
pensable asset to the missile manufacturer re- 
quiring Gyro System Test Stands. 


Vinco manufacturers extremely accurate test 
stands complete with gearboxes. These gear- 
boxes isolate the Gyro System from the effect of 
the earth’s rotation. Vinco invites you to submit 
your guided missile test stand problems. 


Inspection of a Vinco Sidereal Gear- 
box by an autocollimator and poly- 
gon reflector segment. Output 
accuracy limit of complete gear 

train is 3.6 seconds of arc; 

gear ratio 2,584,800 - 1. 
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21 U.S. missiles rely on Raytheon electron tubes 


RAYTHEON COMPANY, WALTHAM, MASS. EXCELLENCE IN ELECTRONICS 
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1. Lacrosse. Army. Ground-to-ground. 


Prime contractor: Martin. 


2.Mace. Air Force. Ground-to-ground. 


Prime contractor: Martin. 


3. Nike Hercules. Army. Ground-to-air. 


Prime contractor: Western Electric. 


4. Falcon. Air Force. Air-to-air. Prime con- 
tractor: Hughes. 


5. Sidewinder (GAR-8). Navy/Air Force. 
Air-to-air. Prime contractors: Philco; 
General Electric. 


6. Redstone. Army. Ground-to-ground. 
Prime contractor: Chrysler Corp. 


7. Terrier. Navy. Surface-to-air. Prime 
contractor: Convair. 


8. Talos. Navy. Surface-to-air. Prime con- 
tractor: Bendix Aviation. 


9.Atlas. Air Force. Ground-to-ground. 
Prime contractor: Convair. 


® 
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10. Thor. Air Force. Ground-to-ground. 
Prime contractor: Douglas. 


11. Sparrow Ill. Navy. Air-to-air. Prime 
contractor: Raytheon. 


12.Sergeant. Army. Ground-to-ground. 
Prime contractor: Sperry Rand. 


13. Snark. Air Force. Ground-to-ground. 
Prime contractor: Northrop. 


14, Quail. Air Force. Air-to-ground. Prime 
contractor: McDonnell. 


15. Hawk. Army. Ground-to-air. Prime con- 
tractor: Raytheon. 


16. Titan. Air Force. Ground-to-ground. 
Prime contractor: Martin. 


17. Bullpup. Navy. Air-to-ground. Prime 
contractor: Martin. 


18. Nike Ajax. Army. Ground-to-air. Prime 
contractor: Western Electric. 


19. Corporal. Army. Ground-to-ground. 
Prime contractors: Firestone; Gilfillan. 


20. Bomarc. Air Force. Ground-to-air. Prime 
contractor: Boeing. 


21, Jupiter. Army. Ground-to-ground. Prime 
contractor. Chrysler Corp. 
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_. fast-moving 


ENGINEERS 


product 
diversification 
program at 


HAMILTON 
STANDARD 


on equipment for advanced _ 
aircraft, missiles, rockets, — 
space vehicles has created 
openings offering exception- 
al advancement prospects in 


NEW ENGLAND 


© SR. ANALYSIS 


for design, analysis, evaluation of 
electronic control systems; develop 
principles for basis of new designs and 
test methods, evaluate new techniques, 
define design requirements, evaluate 
hardware performance. 


© DEVELOPMENT 

experience in one or more: tempera- 
ture, fire control or flight control 
systems; governing systems, actuators, 
power supplies, analog computers, 
logical devices, pulse circuitry, 
instrumentation. 


© DESIGN 

for electronic controls, power supplies, 
instrumentation. Knowledge of servo- 
mechanisms, magnetic pulse, transistor, 
printed, digital and analog computer 
circuitry. 

@ CONTROL 

servo-analysis and/or amplifier design. 
Transistor experience and EE degree 
required. 

ELECTRONICS 

analog development for control system 
evaluation. Servomechanism or analog 
computer experience required, plus EE 
degree. 


RELIABILITY 

background in math or statistics, pref- 
erably with test experience. Initiate a 
Reliability Operations, perform reli- 
ability audit function and provide 
consulting services. 

INTERVIEW IN NEW YORK 
by calling LOngacre 3-4214 Monday 
through Saturday, 9 a.m. to 7 p.m., 
Sunday 1 p.m. to 7 p.m. Or reply to 
Mr. Richard Fuller, Dept. 30 


HAMILTON STANDARD 


A Division of ~ 


UNITED AIRCRAFT CORP. 


158 Bradley Field Rd. 
Windsor. Locks, Conn. 
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similarity considerations on the hydro- 
dynamic and mechanical problems in- 
volved, may become decisive for estab- 
lishing the most promising trends for 
future developments.4-> 

These areas of technical interest 
would be quite insufficient for the 
stimulation of lasting progress if their 
consideration were not based firmly on 
the basic sciences underlying this field. 
Yet the totality of these sciences is so 
broad as to require careful selection of 
the scientific subjects in relation to the 
field of underwater propulsion. The 
process of this selection might be taken 
as the state of the art. 
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Structures and Materials 
(CONTINUED FROM PAGE 49) 


designed. Extensive use of sandwich 
construction and welding is particu- 
larly noteworthy in the development 
of the “hot” structures for the B-70. 

The Department of Defense tita- 
nium-sheet rolling program has as its 
target the production of heat-treatable, 
high-strength titanium alloy sheet of 
uniform quality that can be formed in 
the solution-heat-treated condition and 
subsequently aged. As this program 
nears completion, it appears that the 
ultimate tensile strength target of 
180,000 psi will be exceeded. Quanti- 
ties of the various alloys are currently 
under evaluation by all of the major 
airframe producers. 

Progress in the development of 
beryllium sheet and extrusions has 
been significant during the past year. 
These developments mark the matur- 
ing of this material for eventual struc- 
tural applications. Indeed, the suc- 
cessful forging of beryllium heat sinks 
for the Mercury capsule is particularly 
noteworthy. 

A major problem area that has 
clearly emerged during the past year is 
concerned with the use of high- 


strength, limited-ductility materials in 
structures. In the development of 
high-strength titanium and steel solid- 
propellant-rocket engine cases, meticu- 
lous care in design and fabrication are 
required to realize the strength po- 
tential of these materials. Their 
limited ductility cannot accommodate 
any significant stress concentrations in- 
troduced in design or fabrication. 

It appears that the use of limited 
ductility and brittle materials is a 
facet of the hypersonic age with which 
structures people must learn to live. 
Beryllium, the refractory metals, and 
nonmetallic materials such as ceramics 
and graphite are all characterized by 
lack of the ductility commonly associ- 
ated with aluminum alloys. The in- 
tolerance of hypersonic materials to 
stress concentrations will require great 
attention in design and fabrication. 

A major trend which is apparent in 
all of these advances is the necessity 
for integration of structures and mate- 
rials problems in design. This is a 
trend which has been recognized by 
ARS through formation of the Struc- 
tures and Materials Committee during 
the past year. The trend has been ap- 
parent to individuals in government, 
industry, and universities. It appears 
that a new pattern of research and edu- 
cation will emerge which recognizes 
the tremendous advances to be gained 
from integration of structures and 
materials at a fundamental level. 
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HONEYWELL 


SMALL ENOUGH 


ecision Switches 


TO HIDE BEHIND A DIME 


Smallest of precision snap-action switches 


Now offered with six actuators 


CASE size: .500” x .200” x .350”—ten to the 
square inch. 


WEIGHT: 1 gram—28 switches to the ounce. 


ELECTRICAL RATING: 28 vdce: 7a. resistive, 4a. 
inductive—sea level; 2.5 a. inductive—50,000 
ft.; 4 a. motor load, 2.5 a. lamp load, 24 a. 
max. inrush. 115/230 vac: 60 to 400 cycles: 
5 a.; 15 a. inrush. 


MECHANICAL LIFE is in the millions of oper- 
ations. 

The case of the 1SX1 has two through holes 
that accept #2 screws. One hole is slightly 
elongated to facilitate mounting. 


The 1SX1 operates dependably in tempera- 
tures from —65°F to +250°F. Operating force 
is controlled and predictable within 3 oz. to 
5 oz. limits. 

For more information about this important 
switch, ask for Catalog 63. 


MICRO SWITCH field engineers will be glad to 
provide application assistance and give you 
full information on this sub-subminiature 
switch and its actuators. Call your nearby 
MICRO SWITCH branch office. 


These actuators are offered in four basic designs and, 
in addition, two reversed actuators are offered which 
provide lower free position and reduced pre-travel. 


Pivoted lever Pivoted roller Leal 
actuator lever actuator actuator 


Roller leaf Reverse leaf Reverse roller 
actuator actuator leaf actuator 


MICRO SWITCH... FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


H Honeywell 


MICRO SWITCH Precision Switches 
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Government contract awards 


AMF to Build First 18 Titan 
Underground Launching Systems 


The Air Force has awarded a $42,- 
600,000 contract to American Ma- 
chine and Foundry Corp. for building 
of the first 18 underground launching 
systems for the Titan ICBM. 


AF Lets $53.3 Million Job 
For Atlas Guidance to Arma 


American Bosch Arma has received 
AF contracts totaling $53,350,000 for 
advanced lightweight versions of all- 
inertial guidance systems for the op- 
erational Atlas, as well as additional 
systems and associated ground sup- 
port equipment. 


Data-Control Systems Wins 
Minuteman Telemetry Contract 


Data-Control Systems was selected 
from among eight competing firms for 
an approximately $750,000 subcon- 


Contractor Obligation 
Acoustica Associates $ 90,000 
Aerojet-General $ 90,000 
AFBMD $2,500,000 
$ 280,000 
$ 130,000 
AF ARDC $3,200,000 
AOMC $1,300,000 
$ 650,000 
$ 300,000 
$ 150,000 
$ 100,000 
JPL $3,400,000 
$ 250,000 
Lockheed Aircraft $ 50,000 
MIT $ 200,000 
McDonnell Aircraft $3,000,000 
Mine Safety Appliance Research $ 70,000 
Minneapolis-Honeywell $ 70,000 
NBS $ 70,000 
NRL $2,500,000 
North American Aviation $ 100,000 
Purdue Univ. $ 200,000 
Stanford Univ. $ 90,000 
Univ. of Illinois $ 60,000 
U.S. Weather Bureau $ 50,000 
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tract from Boeing Airplane to develop 
the FM/FM ground station telemetry 
system for the Minuteman test pro- 
gram. 


Hawk Contracts to Raytheon 


New contracts totaling $30,162,502 
for Hawk ground support equipment 
and supplemental engineering serv- 
ices have been awarded by the Boston 
Ordnance District to Raytheon. 


High-Energy Fuels Research 


National Research Corp. has re- 
ceived a classified DOD R&D contract 
on high-energy solid-propellant mis- 
sile fuels amounting to $150,000 on 
a cost-plus-fixed-fee basis. 


Re-Entry Study 


ABMA has awarded Polytechnic 
Institute of Brooklyn a $70,000 con- 
tract to support research on the re- 


NASA CONTRACTS FOR JULY 


Program 


entry characteristics of various types 
of space vehicles and satellites, in- 
cluding studies of feasible shapes of 
spaceships and satellites. 


Small Rocket Lift Devices 


Aerojet-General has received an 
Army contract for a feasibility study 
of small rocket lift devices to power 
combat troops to enable them to over- 
come terrain obstacles. 


AFOSR Basic Research Awards 


The AF Office of Scientific Research 
has awarded basic research contracts 
for a one-year period to: 

Avco Research Lab ($585,000) 
to investigate magnetofluiddynamic 
forces and other phenomena with re- 
spect to problems of propulsion in 
cislunar space; RCA, Princeton, N.J. 
($140,000), to study acceleration of 
plasma by an alternating nonuniform 
field to obtain very high specific im- 


Investigate use of sound waves to control burning rate of solid rockets. 


Study operation of small turbopump which might be used in a nuclear rocket engine. 


Incremental funding for 10 Atlas boosters for mercury test and orbital flights. 

Installation of special radio acquisition equipment at Kaena Point, Hawaii, tracking station for 
use in communications with Tiros, and for operational costs of station for three months. 

Operation of computers and postflight analysis of data on coming launchings of Delta. 

Funding for liquid hydrogen second stage of Centaur. 


Incremental funding for eight Redstone boosters for Mercury suborbital flight tests. 


Incremental funding for five Juno Il boosters. 


For completion of lunar project studies. 


Instrumentation to duplicate 91-Ib satellite payload which failed to orbit July 16, 1959. 
Funds for Project Beacon payload which failed to orbit Aug. 14, 1959. 


Incremental funding for technical project supervision, deep-space mission planning, and third stage 


of Vega. 
Various research programs. 


Studies of solid rocket configurations and payload capabilities. 


Incremental funding for assistance in evaluating Project Mercury tracking facilities and ground 


instrumentation. 


Incremental funding for 12 Project Mercury capsules. 


Evaluate use of two superoxide compounds (KO and NaOz) as oxygen suppliers for extended 


manned spaceflights. 


System of flight control jets for Little Joe capsule models. 


Research into boundary layer transition. 


Drawing account for elements of NASA's Goddard Space Flight Development Center. 


Incremental funding for 6 Little Joe boosters. 


Three-year grant for study of mathematics of rocket and space vehicle guidance and control. 


Continuing studies of satellite radio signals in an effort to learn more about make-up of ionosphere. 


Continuing studies of satellite radio signals in an effort to learn more about make-up of ionosphere. 


Meteorological analysis during 1960. 
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GENERAL ANNOUNCES 
ELECTRIC the establishment of the 


Special 
Programs Section 


isste of the 

| DEFENSE 
INTELLIGENCE 

SYSTEMS SYSTEMS 


| DEPARTMENT 


INFORMATION 
SYSTEMS 
(A Department of the Defense 
Electronics Division) 
SUPPORT 
SYSTEMS 
| ... to serve the needs of 
RANGE THE UNITED STATES ARMY 
MANAGEMENT 
in the areas of 
SYSTEMS ENGINEERING and MANAGEMENT 
SPECIAL CUSTOMER 
SERVICES 


A few senior positions exist for individuals with experience in missile and electronics 
systems engineering. We would welcome the opportunity to review your resume, sent to: 


Dr. W. Raithel 

Manager — Engineering 

Special Programs Section; Dept. 312 
General Electric Company 


*Temporary location while new 
21 South 12th Street . facility is being constructed in 
Philadelphia, Pennsylvania* suburban Radnor, Pennsylvania. 


GENERAL ELECTRIC 
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TOP SPOTS FOR A TECHNICAL 
SPECIALIST AND TECHNICAL 


LEADER ON A NEW 
SPACE TEAM 


Two excellent openings in Chance Vought's 
newly formed Astronautics Division. 


Senior Specialist in Heat Transfer 
and Fluid Mechanics. 


Advanced A.E., Ph.D. preferred. To 
supervise group in fields of heat transfer, 
pressure distribution analysis, ablation 
theory and general fluid mechanics, Re- 
quires knowledge of real gas effects, 
capability for training people, supervis- 
ing company R & D, keeping abreast of 
technology. 


Physics M.S. with Minor in Meteorology 
(and t logical experi ) 


To study physics of upper atmosphere, 
including compilation of data. Interpret 
data on atmospheric density, pressure, 
temperature and composition. Keep 
abreast of space probe and satellite 
data. Plan test programs. 


Recommend experimental work and con- 
duct feasibility studies for weather satel- 
lite programs. 


Write to: 


Professional Placement Office 
Dept. AS-5 


CHANCE 


MOSLEY 
wwv 
BEAM 
ANTENNA 


: : 
: Offers up to 8 db. gain on 10, 15: 
: and 20 mcs. to provide better re- : 
: ception of WWV and WWVH. 20 db. : 
: front-to-back signal ratio minimizes : 
: interference at locations between : 
: these two stations. Model WWV-33 : 
: Antenna is 100% rust-proof, built: 
: to withstand 150 mph winds. 
: Easily assembled and _ installed : 
: by non-technical personnel. 


BRIDGETON, MISSOURI : 
WRITE FOR INFORMATION 


pulses in rocket motors; J. A. Hynek, 
Smithsonian Astrophysical Lab ($50,- 
000), to conduct high-altitude astro- 
nomical research using stabilized tele- 
scopic platforms supported by manned 
balloons at 50,000 ft alt.; Dr. S. J. 
Kline, Stanford Univ. ($44,358), to 
continue study of fluid dynamic prob- 
lems in diffusers and ducts, particu- 
larly boundary-layer stability in in- 
ternal flow systems; Univ. of Cali- 
fornia ($58,000), to establish the 
tolerance and adaptability of the hu- 
man brain to spaceflight environment, 
and ($40,000) to do research in 
adaptive control systems theory; and 
to Washington Univ. ($350,000) to 
continue studies of nuclear propulsion 
and interactions in the medium-energy 
range, 


Test Requirement 


Allen B. Du Mont Laboratories, 
Inc., will study and evaluate test re- 
quirements for future AS and AA mis- 
siles and target drones under a $450,- 
000 Navy BuAer contract. 


Solar Power for Satellites 


A $600,000 contract for develop- 
ment of a large area solar-electric 
power system for use in space satel- 
lites has been awarded to Hoffman 
Labs Div. of Hoffman Electronics by 
WADC. 


High-Speed Core Memory 


Telemeter Magnetics, Inc., has re- 
ceived a $200,000 ONR contract for 
a core memory having a capacity in 
excess of 850,000 bits for use with 
the Naval Research Electronic Com- 
puter (NAREC). 


SYNOPSIS OF AWARDS 


The following synopsis of govern- 
ment contract awards lists formally ad- 
vertised and negotiated unclassified 
contracts in excess of $25,000 for each 
Air Force, Army, and Navy contract- 
ing office: 


AIR FORCE 


AF Camprince Researcu CENTER, LAv- 
RENCE G. Hanscom Beprorp, 
Mass. 

Design and development of television 
system for detecting and tracking §arti- 
ficial earth satellites, $71,243, Bendix 
Aviation Corp., Research Laboratories 
Div., P.O. Box 5115, Detroit, Mich. 

Design and fabrication of lightweight 
balloon-borne parachutes, $27,771, Pio- 
neer Parachute Co., Inc., 168 Forest St., 
Manchester, Conn. 

Satellite tracking camera, Baker-Nunn- 
Schmidt Type, $182,000, Joseph Nunn & 


Associates, 916 Meridian Ave., South 
Pasadena, Calif. 


AF OrrFice oF ScieNTIFIC RESEARCH, 
WasHINGTON 25, D.C. 

Research in fluid dynamics, $41,690, 
MIT, Cambridge 39, Mass. 

Continuation of research in gaseous 
electronics, $30,700, Univ. of Minn., Min- 
neapolis 14, Minn. 

Continuation of research on Nuclear 
Emulsion Studies of Antiprotons, Strange 
Particles, and K Meson Interactions, $25,- 
997, Univ. of Miami, Coral Gables 46, 
Fla. 


ARMY 


ArRMY ORDNANCE Dist., Los ANGELEs, 55 
S. Granp AvE., PAsADENA, CALIF. 

Hypersonic research, $40,000, CalTech, 
1201 E. California St., Pasadena, Calif. 

Design and development, $33,000, 
North American Aviation, 6633 Canoga 
Ave., Canoga Park, Calif. 

Loading and testing of motors, $159,- 
351, Cooper Development Co., 2626 S. 
Peck Road, Monrovia, Calif. 

Testers, $53,153, Telecomputing Corp., 
12838 Saticoy St., N. Hollywood, Calif. 

Study and design of infrared decoy 
system, $147,622, Hughes Aircraft, Culver 
City, Calif. 

Study of an infrared decoy system, 
$149,378, Aeronutronics, a Div. of Ford 
Motor Co., Ford Road, Newport Beach, 
Calif. 

Sergeant missile, $277,460, Sperry 
Rand Corp., Sperry Utah Engineering 
Laboratory Div., 322 N. 2lst West, Salt 
Lake City, Utah. 


N.Y. Orpnance Dist., 770 Broapway, 
New York 3, N.Y. 

Design and development of ten iner- 
tial devices, $157,520, Ford Instrument 
Co., Div. of Sperry Rand Corp., 31-10 
Thomson Ave., Long Island City 1, N.Y. 


Army SIGNAL Suppty AGENCY, 225 §S. 
EIGHTEENTH St., PHILADELPHIA 3, Pa. 

Satellite communications study, $225,- 
871, General Electric, Utica, N.Y. 


NAVY 


Orrice or NAvAL ReEsEARCH, WASHING- 
TON 25, D.C. 

Research in connection with fleet bal- 
listic missile program, $49,923, Vitro 
Laboratories, Div. of Vitro Corp. of Amer- 
ica, Silver Spring, Md. 

Research in connection with Tartar 
weapons system, $42,411, Dunlap & As- 
sociates, Stamford, Conn. 

Studies on arc plasma, $44,490, Purdue 
Research Foundation, Lafayette, Ind. 

Research in high energy physics, $107,- 
000, Syracuse Univ., Syracuse, N.Y. 


NavaL ResearcH Laporatory, WaASH- 
INGTON 25, D.C. 
Digital computer (with associated 


* components), $76,175, Bendix Computer 


Div., Bendix Aviation Corp., 5630 Arbor 
Vitae St., Los Angeles, Calif. 

Seven track record reproduce magnetic 
recording system, $114,357, Mincom 
Div., Minnesota Mining and Mfg. Co., 
2049 S. Barrington Ave., Los Angeles 25, 
Calif. 
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Above: Nose cone test shape traveling at 5,500 feet per second photographed 
with Avco Kerr Cell Schlieren System at 0.05 usec exposure. Inset: Avco Kerr 


Cell. Permits exposure from 0.005 to 0.1 usec; available as an independent module. 


NOW AVAILABLE... 


USE-PROVEN INSTRUMENTATION FOR HYPERVELOCITY RESEARCH 


Capture submicrosecond events with Avco’s 
new instrumentation. Kerr Cell Shutters for 
exposures from 0.005 to 0.1 usec; Rotating 
Mirror Cameras for streak photography with 
writing rates up to 4mm per usec; Rotating 
Drum Cameras for streak, spectographic and 
Schlieren photography with writing rates up 
to 0.19 mm per usecond; general-purpose 
Package Light Sources with light durations 


from 0.3 to 1.0 usec at various energy 
levels; complete Kerr Cell Shadowgraph and 
Schlieren photograph systems; Auto-Optic 
Recording Pyrometers for temperature mea- 
surements up to 3,000° C. with response 
times better than one millisecond. 

For bulletins, write: Products and Services 
Dept., Research and Advanced Development 
Division, Corporation, Wilmington, Mass. 


Kesearch & Advanced 


SEE LIVE DEMONSTRATION OF AVCO SHADOWGRAPH — BOOTH 202 AT ARS ANNUAL MEETING 
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TV for Rockets ; 


Scientists at Lockheed Missiles and Space Div. recently 
unveiled a 9-lb battery powered television system that 


will transmit a high quality picture 1000 miles. 


Made 


especially rugged for use in missiles and space vehicles, 
the TV system is shown in the photo foreground trans- 


mitting from a vibration table in motion. 


It will with- 


stand 50-g acceleration and 40-g shock. 


Missile Market 
(CONTINUED FROM PAGE 106) 


itary, and corporate and_ individual 
owners. Air Cruiser Co. turns out life 
rafts, vests, and other survival equip- 
ment; shielding materials for nuclear 
equipment; and _ rubberized fabric 
products for aircraft and industry. 

Within this comprehensive product 
line, several items stand out. AiRe- 
search’s (Los Angeles) air data com- 
puting system already is performing 
in the McDonnell F4H and the North 
American A3J Vigilante. This divi- 
sion won recently the contract to sup- 
ply central air data computing  sys- 
tems for the B-70. 

In the fields of electronics, heat 
transfer, turbomachinery, pneumatics, 
hydraulics, and valves, AiResearch’s 
products are expanding their missile 
role. The company’s turbine auxiliary 
power unit, which provides all hy- 
draulic power for internal operation of 
the Army’s Nike-Hercules, is the larg- 
est missile production item. Increas- 
ing quantities of pneumatic controls 
and valves are being supplied to the 
Atlas and Titan programs. Other mis- 
siles using AiResearch products are 
Polaris, Subroc, Green Quail, Jupiter, 
Thor, Sergeant, Snark, and Matador. 
For the nation’s two leading space- 
flight programs sponsored by NASA— 
X-15 and Project Mercury—AiResearch 
has been called upon to provide the 
air-conditioning and __ pressurization 
systems. 

Maintaining its leadership in aircraft 
pressurization and __ air-conditioning 
systems, the company has been in- 
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stalling equipment in the Boeing 707, 
Lockheed Electra, and France’s Cara- 
velle, as well as in many other new 
commercial and corporate and mili- 
tary aircraft. 

AiResearch’s gas turbine starting en- 
gines—the little jets that start big jets 
—also are worthy of mention. With 
hundreds on duty at AF bases around 
the world, they have become a size- 
able commercial item with even more 
promising potential as the airlines have 
thrust into the Jet Age. 

Commercial and military aviation 
products thus provide the company’s 
biggest volume of sales. The dollar 
volume of aircraft procurement has 
been far greater than for missiles, al- 
though the growth rate of missile pro- 
curement has far outstripped aircraft. 
Recognizing this, management be- 
lieves Garrett’s new products—such as 
central air data systems, fuel heaters, 
and gas turbine auxiliary power units 
—should largely offset, in the next five 
years, the declining dollar value of 
military procurement. Meantime, 
comme:cial business grows in impor- 
tance, contributing 26 per cent of 
sales in fiscal 1959, the fifth successive 
year it has moved higher. 

Garrett should be able to sustain the 
sales growth that set a record of 
$193.6 million in the last fiscal year, 
up 14 per cent from the year before. 
With gains of 9 per cent in military 
sales and 31 per cent for combined 
foreign and commercial sales, pros- 
pects favor another sales record this 
year. To provide for this growth, 
plans are well underway for expansion 
of manufacturing facilities on a new 
66 acre site at Torrance, Calif. 


Earnings of $4.61 per share were 
reported last year, compared with 
$3.98 the year before. This column 
estimates that earnings will exceed 
$5.00 per share in the current fiscal 
year. 

Garrett’s 1,033,953 shares of com- 
mon stock are listed on the N.Y. Stock 
Exchange, and are preceded by $12,- 
321,428 of long-term debt. The 
major portion of this debt is repre- 
sented by $10,000,000 of convertible 
subordinated debentures, which are 
convertible into common stock at 
$44.66 per share on or before Septem- 
ber 15, 1968. These debentures also 
are listed on the N.Y. Stock Exchange. 


Logistics and Operations 
(CONTINUED FROM PAGE 39) 


must be sustained in a space station, 
a space ferry, or an interplanetary 
flight. 

Space-vehicle operations this past 
year have increased in number, com- 
plexity, and results. Most of these 
operations involved the launching of 
orbiting satellites. In addition, one 
successful U.S. space probe is now 
cruising our solar system. Vehicles 
for the launching of satellites into polar 
orbits, previously unattainable from 
Cape Canaveral, are now being 
launched from Vandenberg Air Force 
Base. 

Admittedly incomplete, this report 
will, it is hoped, notify those con- 
cerned with logistics and operations 
that there is a channel for future re- 
port material. The writer will wel- 
come such material, especially if it in- 
cludes citation of published informa- 
tion for a bibliography. Any amplifi- 
cation, clarification, or opinion on this 
report, and guidance toward future 


annual reports, will also be welcome. 
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Operations 


R&D testing is almost entirely classified and 
many reports are even further restricted because 
of claims of “proprietary” information. ASTIA 
(Armed Services Technical Information Agency ) 
makes many of these available in abstract and 
microfilm form. oe 
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A Service Message from MAGNAFLUX 


“Just a Little Old Crack’’ 


A crack too small to be seen even with a microscope can stop a countdown 
—or a missile in flight—or cause failure of ground handling or servic- 
ing equipment. 


Yet out of a vast accumulated experience, metallurgists now generally 
agree that cracks or similar defects open to the surface or immediately 
beneath it are the cause of most localized high stresses and failures of parts 


under high loads. 


Most of them also believe—and put into practice—the fact that preventing 
failures is very often just a matter of finding cracks... that there are many 
test systems available... but that no single test is best for all needs. 


Only the most careful evaluation—impartially undertaken—permits each 
test system to be used to its fullest potential. 


We suggest that in the missiles and spacecraft program such an evaluation 
can help to achieve faster production schedules, more effective testing and 
more “right starts” in design development. 


In this race the penalties of failure may be enormous. To you we pledge 
our fullest cooperation, and will welcome yours. 


Meanwhile, in your preliminary thinking, the following listing may be help- 
ful, showing some of the test systems available to you. 


X-Ray 


One of the most valuable tools, espe- 
cially for finding sub-surface defects. 
May be used on practically any mate- 
rial. Permits permanent records for 
future reference or immediate inter- 
pretation. Is relatively slow. May not 
always find cracks or leaks. 


Magnetic Particle 


Uses controlled magnetic leakage fields 
to find all cracks, porosity or other de- 
fects at the surface or reasonably close 
to it. By far the most common crack- 
finder for magnetic metals used in 
critical service. Will find some defects 
in weldments that X-ray may overlook. 
Marks defects right on the part. Sim- 
ple procedures enable permanent rec- 
ords. Black light and fluorescent ma- 
terials speed up testing. May not find 
very deep seated defects, and requires 
knowledge of many ways and means 
of magnetizing complex shapes. 


Fluorescent Penetrant 


Most sensitive method, uses capillarity 


to find cracks and other defects open 
to the surface in nonmagnetic metals, 
and most other solid, nonporous ma- 
terials. Recent developments have in- 
creased sensitivity—will now find some 
defects no other method will detect. 
Readily tests complex shapes or high 
volumes. Offers near-absolute reliabil- 
ity in leak tests. Special formulae may 
be used safely on LOX systems. Speed 
governed only by requirements, but re- 
liable results require engineered test 
set-up and control. 


Dye Penetrant 


Dependable test on moderately “‘clean”’ 
or medium to large size defects (which 
may still be invisible). Original cost 
very low. May be fully portable, in 
spray can kits. Can be used on any 
metal, most other materials. Less sen- 
sitive than fluorescent penetrant tests. 


Ultrasonic Testing, Resonant 


Especially useful for determining 
thickness measurements from one side 
only—or finding lack of bond in lam- 


inates. Available in both oscilliscope 
and portable direct reading instru- 
ments. 


Eddy Current Testing 


Developed by Institute Dr. Foerster, 
Germany, for nondestructive testing. 
Evaluates effect of conductive mate- 
rials on eddy currents induced within 
them. New uses are being found almost 
daily. Many properties and defects 
can be evaluated, including hardness, 
conductivity, alloy composition, chemi- 
cai purity, cracks, heat treatment con- 
ditions or heat affected zones. Instru- 
ments for testing magnetic or non- 
magnetic metals. Operation may be 
automated, when desired. 


Brittle Coating Stress Analysis 


Determines stress concentration and 
measures values in simple or complex 
shapes, in static or dynamic testing, 
and over the entire part. Parts can be 
immersed in oil or tested at tempera- 
tures to 600° F. with newest coatings. 


Magnafiux Corporation engineers and 
manufactures most of the nondesruc- 
tive test systems mentioned here. These 
—and numerous others—are available 
to you through Magnaflux. Our expe- 
rience is at your disposal—through 
Magnaflux Nondestructive Testing En- 
gineers who are recognized consultants 
in their fields, or through technical 
literature and reports. Write us your 
questions—or tell us your needs. If we 
haven’t the answer, we'll try to find it 
for you or will refer you to others who 
have the answer. 


MAGNAFLUX 
CORPORATION 

7310 West Lawrence Avenue 
Chicago 31, Illinois 


New York 36 * Pittsburgh 36 * Cleveland 15 
* Detroit 11 * Dallas 35 * Los Angeles 22 


THE HALLMARK OF QUALITY IN NONDESTRUCTIVE TEST SYSTEMS 


Manufacturers of 
MAGNAFLUX-MAGNAGLO 


Magnetic Particle Testing 


SPOTCHECK 


Dye Penetrant Testing 


MAGNATEST 
Eddy Current Testing 


ZYGLO 


Fluorescent Penetrant Testing 


SONIZON 


Resonant Ultrasonic Testing 


STRESSCOAT 
Brittle Coating Stress Analysis 
Also Other Test Systems for Most Materials 


Commercial and Field Inspection Service, 
including all Magnaflux Corporation 
Test Systems, and several others. 


VISIT US IN BOOTH 103 ARS NATIONAL ASTRONAUTICAL EXPOSITION 
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Solid-State Radiation 
Tracking Transducer 


A highly adaptable solid-state radia- 
tion tracking transducer that detects 
the position of visible to near-infrared 
light sources is now available from 
Electro-Optical Systems, Inc., 170 N. 
Daisy Ave., Pasadena, Calif. A single- 
element, linear function, semiconduc- 
tor device, it can detect the position 
from which a light or heat source is 
radiating, and is applicable to track- 
ing, instrumentation, automation con- 
trol, and computer technique. 

Highly sensitive, the RTT possesses 
microsecond response characteristics. 
The detection process occurs by means 
of a lateral photo-effect in a silicon p-n 
junction. The wide angle scope, 
minute size, and self-generating power 
capabilities of the unit add to its ex- 
tensive scope of applications. 


Human Factors 
(CONTINUED FROM PAGE 34) 


selection and training for spaceflight; 
and, finally, bio-instrumentation, 
which has undergone a_ revolution 
which will permit the measurement of 
man and man’s performance under 
both actual and simulated flight condi- 
tions. 

Studies of manned space vehicles to 
date have demonstrated the need for 
mustering all of the life-science re- 
sources of the U.S. into a team which 
will provide the best answers to flight 
problems before the actual flights get 
underway. 

A related need has seen the birth of 
a new, close working relationship be- 
tween human factors specialists and 
engineers. Here again, it has become 
obvious that the bio-scientist and the 
engineer must work hand in hand to 
meet the rigorous development sched- 
ules for booster hardware. 
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The ARS Committee on Human 
Factors and Bio-Astronautics, although 
pleased with progress in its field, be- 
lieves that advances in hardware are 
already pushing the human factors 
people in such areas as future require- 
ments for environmental control, crew 
relationships in confined quarters, and 
prolonged periods of exposure. Ac- 
tually, the bio-scientist again appears 
to be falling behind the engineering 
program. 

This is not to say that future pro- 
gram needs present insurmountable 
problems. It does suggest that a great 
effort must be made to produce more 
efficient and speedy methods of obtain- 
ing data which will permit the life- 
support areas to keep pace, with the 
national space program. 
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Mercury Capsule and 
Cargo 


Pilot prepares to climb through entry 
hatch of Mercury capsule in this first 
view of the McDonnell mockup to be 
released publicly. Photo provides 
good view of retrorockets and flotation 
bags designed to give capsule buoy- 
ancy and stability in water. 
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VANGUARD 


TERRIER 


POLARIS: 


TARTAR 


Loewy-Hydropress has been engaged in building handling, stowage and launching systems for these rockets and missiles. 


Vanguard rocket being readied for launching on March 17, 1958. 


Giant and unusual facilities for handling, testing and launch- 
ing missiles and rockets have been built and put in operation 
by Loewy-Hydropress for the U.S. Navy’s Fleet Ballistic 
Program and for the joint IGY Program of the Navy and the 
National Academy of Science. These installations have proven 
their brilliant effectiveness under the most trying circumstances. 

Loewy-Hydropress has also been chosen to design systems 
for the protection, handling and launching of surface-to-air 
supersonic missiles and missile components for the Navy’s 
first nuclear-powered cruiser, Long Beach. 


Loew y-Hydaropress Division 
BALDWIN LIMA: HAMILTON 


111 FIFTH AVENUE, NEW YORK 3,N.Y. Rolling mills «© Hydraulic machinery ¢ Industrial engineering 


Ship motion simulator for test-firing U.S. Navy’s guided missile 
‘“*Polaris’’ under seagoing conditions. 


Loewy ground handling and launching systems in 
successful operation and in progress 


Another Loewy system is in development for supersonic 
missiles which will be installed on Navy aircraft carriers. 

Loewy engineers build all kinds of handling, stowage and 
launching facilities for guided rockets and missiles of various 
sizes and operating ranges. 

They also specialize in the design and construction of radio 
telescopes and related space communication systems. 

Avail yourself of the experience and ingenuity of the Loewy 
organization, which coordinates all other B-L-H divisions 
that are actively engaged in the specialized fields. Just write 
us at Dept. G-11. 


= 
TALOS 
—— 
im j AM Testing and firing installation for Viking and Vanguard rockets. 
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STRUCTURES, CHEMISTRY, 


Lymeering 


/n Electronics at JEL. * 


GUIDANCE RESEARCH ... by JPL has led and advanced the field of 
missile guidance. Among these achievements are the application of Wiener 
RMS methods to multiple-input, multiple-loop servos, and matching mis- 
sile trajectory to missile control transfer function for optimum accuracy. 


GUIDANCE SYSTEMS ... both inertial and radio-command types em- 
ploying new concepts of radar communication have been pioneered at 


JPL. This guidance system development activity is supported by basic 
research in all phases of electronics. 


COMPUTERS ... and the application of computing techniques to 
missile guidance systems have been pioneered by JPL. The Laboratory is 
now searching for new techniques that will further advance the state of 
the art in digital guidance components and computer systems. 


DATA TRANSMISSION ... brings news from space via the Explorer 
series. Explorer Ill used a tape recorder the size of a cigarette pack ca- 
pable of transmitting two hours of information in 5 seconds. Electronic 
payload weight was approximately 11 Ibs. 


INSTRUMENTATION ... of the moon probe provided measurement of 
radiation environment at distances far from the earth. Telemetered data 
revealed the existence of high intensity radiation. Miniaturization re- 
sulted in an instrument payload weighing only 10 Ibs. 


COMMUNICATIONS... pioneering in interplanetary communications 
resulted in this giant parabolic radio antenna, 85 feet in diameter, de- 
veloped by the Laboratory which enables the tracking and reception of 
scientific data from great distances. 


CALIFORNIA INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 


A Research Facility operated for the National Aeronautics and Space Administration 
PASADENA, CALIFORNIA 


Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 
INFRA-RED, OPTICS, MICROWAVE, SERVOMECHANISMS, COMPUTERS, LIQUID AND SOLID PROPULSION, 


INSTRUMENTATION, MATHEMATICS, AND SOLID STATE PHYSICS 


Send professional resume, with full qualifications and experience, for our immediate consideration 
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Test Facilities 
(CONTINUED FROM PAGE 50) 


with these tests can be accommodated. 
Production, storage, and handling of 
the necessary working fluids has been 
achieved. Facilities to accommodate 
applied-research and development 
tests of ion propulsion are underway. 
The large electrical power require- 
ments can be accommodated. While 
facilities themselves have yet to be 
constructed, the criteria have been 
fairly well defined. 

Considerable facility effort and test- 
ing has been done on hardbase facili- 
ties. The requirements for isolation, 
shock mounting, and hardening have 
been ascertained in general. Silo con- 
figurations and transient conditions 
have been tested. 

Considerable fabrication, construc- 
tion, and operation have taken place on 
high-energy test facilities. Methods of 
properly handling the toxicity and 
other hazardous features of high- 
energy propellants have been demon- 
strated and are in operation. 

Test facilities have recently been 
constructed for the conduct of exten- 
sive environmental simulation tests of 
all the various valves, regulators, etc., 
of missile and spacecraft systems. 
These facilities are capable of subject- 
ing the component to the combined en- 
vironment of constant acceleration, vi- 
bration, temperature extremes, humid- 
ity, and sand or salt spray. All these 
environmental conditions will be ap- 
plied simultaneously while the com- 
ponent ducts propellant for which it is 
designed. 


Several unique facilities have been 
developed recently to provide better 
simulation of the complete vehicle in 
actual flight conditions. Altitude sim- 
ulation for rocket-engine firings has 
been accomplished with a pressure 
equivalent to 200,000 ft of altitude. 
The effect of low pressure on ignition, 
combustion, flame spreading, ioniza- 
tion, and vehicle base pressure has 
been investigated. Complete ballistic 
missile systems have been tested utiliz- 
ing a soft mount to simulate freeflight 
vibration environment. These soft- 
mount facilities have up to six degrees 
of freedom and allow essentially un- 
damped vibration down to about five 
cps. Also, facilities have been de- 
veloped for subjecting a complete bal- 
listic missile to simulated shipboard 
motion. 

As to the future, in order to increase 
the rate of progress of propulsion sys- 
tem development, upon which all 
rocket or space systems are dependent, 


test facilities must be developed in 
which the state of the art of rocket pro- 
pulsion can be improved. New kinds 


of facilities are required. In many 
cases a new system can be designed 
and fabricated before a facility can be 
obtained for testing the system. 

It will be necessary to have addi- 
tional tracking and data-receiving sta- 
tions to permit a much greater variety 
of launching azimuths, including 
launches in an equatorial orbit. A 
problem still exists in dealing with 
toxicity and radioactivity at launch 
sites. 

Many test-facility and ground-sup- 
port-equipment problems associated 
with putting a man in a space vehicle 
have yet to be solved. 

Improved _ reliability has been 
achieved on ground-support equip- 
ment, as demonstrated in the number 
of launchings achieved and the rela- 
tively few delays attributable to the 
support equipment. 


New Insulators 


Considerable improvements have 
been made in the insulation of cryo- 
genic propellants. Previous materials 
were capable of containing liquid oxy- 
gen with a boiloff of approximately !/, 
per cent per day. The new insulators 
will contain liquid oxygen with a boil- 
off of about 8 per cent per year. The 
recent establishment of a Cryogenic 
Data Center at the Cryogenic Engi- 
neering Laboratory, National Bureau 
of Standards, Boulder, Colo., is an im- 
portant contribution to the advance- 
ment of cryogenic systems. 

Considerable equipment has been 
developed for the handling of the new 
high-energy propellants. Handling of 
these formerly so-called exotic propel- 
lants is now almost akin to the han- 
dling of the old standbys such as nitric 
acid and liquid oxygen. It is now 
possible to ship liquid fluorine almost 
as readily as liquid oxygen. Advances 
have also been made in the storage and 
handling of liquid hydrogen. This has 
been brought about mainly as a result 
of the new National Bureau of Stand- 
ards process for producing stable hy- 
drogen. Previous methods produced 
unstable hydrogen, which released 
heat during conversion from unstable 
to stable hydrogen while in storage. 
This heat release caused considerable 
boiloff. 

There remains, however, much work 
to be done on ground-support equip- 
ment. For instance: 


Equipment will have to be de- 
veloped for handling and servicing ve- 
hicles of up to 25 million |b of thrust. 

The tremendous variety of ground 
support equipment has 
some unnecessary duplication. 


introduced 
It is 


necessary to standardize this equip- 
ment where possible to reduce the cost 
and complexity. 

Better methods and equipment are 
required for quality control and con- 
tamination determination of propel- 
lants and related equipment. 

Ground-support equipment has yet 
to be developed for use in launching a 
vehicle from a satellite or from the 
moon or planets. 
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twelve 


Satellites are hands extended to the cold dark reaches of space... 
signalling sensory intelligence to a brain thousands of miles away 


Satellites are hands equipped with a hundred subtle senses... 
derived from the most sophisticated instruments man has devised. 


At the heart of many of their instruments is 
pioneering Decker research—which finds application from the 
Aerobee— Hi rocket to the Mercury astronaut’s capsule. 


Every day, Decker instruments help bring man’s grasp 
of the universe closer to his reach. 


THE DECKER CORPORATION 


Bala Cynwyd, Pennsylvania 
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Ramijets 
(CONTINUED FROM PAGE 46 ) 


ramjet potential are recoverable 
space-vehicle booster, a low-level long- 
range attack aircraft, an extension of 
the Talos development and_ possibly 
Bomare and the commercial transport. 
The Air Force recently announced that 
Project Pluto, the nuclear-ramjet study 
program that fits the second category, 
now has development status, and 
issued a large contract to Marquardt 
Aircraft for further component de- 
velopment. Associated test facilities 
have been built at the AEC’s Nevada 
proving grounds. Though not so spe- 
cific in intent, such things as the con- 
tinued support of VTOL systems and 
possible mixed engine cycles; the 
building of hypersonic test facilities at 
Amold Engineering Development 
Center, Marquardt, Cornell Univ. and 
elsewhere; and a_ possible  break- 
through in the combustion of high- 
density solid fuels for ramjets—all point 
to a concerted effort to bring the other 
applications into being in the near fu- 
ture, especially as systems in the high- 
supersonic and low-hypersonic range. 


Structures Emphasized 


Because ramjets are increasingly 
sensitive to changes in component 
characteristics and subject to critically 
high temperatures as flight speed in- 
creases, much current engineering em- 
phasizes components and _ structures. 
The design of hypersonic inlet dif- 
fusers, for example, presents a distinct 
challenge. As an example of thinking 
in this area, the sketch on page 46 
shows a possible hypersonic diffuser 
featuring an_all-external-compression 
isentropic spike, drag-free cylindrical 
cowl, throatbleed system, and no sub- 
sonic diffuser. This design, cited by 
Richard J. Weber in his paper “A Sur- 
vey of Hypersonic-Ramjet Concepts” 
(ARS Preprint 875-59), gives a kinetic- 
energy efficiency above 90 per cent at 
hypersonic speeds. Keeping structural 
temperatures to acceptably low levels 
may pose the chief problem with hy- 
personic ramjets. Both regenerative 
cooling and radiative structures are 
under study to control steady-state 
temperature. However, recent ad- 
vances in surface coatings (see George 
Gerard’s discussion on page 49) will 
perhaps provide the immediate solu- 
tion for putting ramjets in the hyper- 
sonic range. 

Discussions of detailed engineering 
solutions to the now largely predict- 
able performance of both conventional 
and unconventional ramjets, as de- 
scribed in articles in the April 1959 
Astronautics, reside chiefly in the 
classified literature. 


The directions of 


thinking and work on ramjets for both 
supersonic and hypersonic ranges is 
reasonably clear, however, in papers 
presented at recent ARS meetings, as 
noted in the bibliography. 
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all respects has improved the char- 
acteristics of the original vacuum-tube 
equipment.* example, voltage- 
controlled oscillators previously had 
problems concerned with drift or tem- 
perature stability, linearity and_ re- 
peatability, and hysteresis; the new 
transistorized components which are 
offered and utilized today have im- 
proved the linearity from 1 to 2 per 
cent down to 0.1 and 0.2 per cent. 
The temperature stability has also im- 
proved from 5 to 10 per cent over 
limited ranges to 1 to 3 per cent over 
ranges from —20 to 100 C. 

Along with transistorization has 
come a closer examination of the char- 
acteristics of the telemetry systems. 
Over the past few years, examination 
of the various parameters and_tech- 
niques utilized in telemetry systems 
have been helping to elevate the art 
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from its “black magic” status to an 
engineering field. Effects of compo- 
nent characteristics on system perform- 
ance, accuracy requirements, repeat- 
ability, etc. have now entered upon 
the scene and have been the subject 
of several projects and articles.* * 
Advances in the past two years in 
the area of pulse-code modulation 
have made possible for the first time 
the accurate measurement and trans- 
mission of data which will allow inde- 
pendent evaluation of inertial guid- 
ance systems. Pulse-code modula- 
tion,® ® although not a new technique, 
has only recently been developed to 
the point where its use has been con- 
sidered. Although a system has been 
utilized for some months now in a 
track program at Holloman, the first 
true PCM missile system is still in its 
early stages of development. Some 
Hights of small, parallel-channel, pulse- 
code data have been successfully com- 
pleted, and commercial use in testing 
the DC-8 has been contemplated with 
pulse-code modulation techniques. 
The inherent advantage of the pulse- 
code modulation technique is the 
transmission of digital data, which 
would allow accuracies in the order of 
0.1 per cent. The future will require 
development of transducers of similar 
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LOAD: will drive a load possessing 0 to 25 gm cm? moment of inertia and/or 0 to 2 oz. in friction torque 

INPUT VOLTAGE: 28 v dc - POWER: 15 watts average power at 50% duty cycle. - RESISTANCE: 25 ohms 
DIRECTION: clockwise—red and black leads... counter-clockwise— white and black leads 

ANGULAR TRAVEL: 36° per pulse, standard. Other values available with slight increase in unit length 
DESIGN LIFE: 10° cycles each direction - TEMPERATURE: —65°F. to +160°F. 

VIBRATION: 5 cps to 600 cps at 10 g or .020” double amplitude - HUMIDITY: per MIL-E-5272A 

SALT SPRAY: per MIL-E-5272A - SAND AND DUST: per MIL-E-5272A - ALTITUDE: does not affect operation 
MOUNTING: standard AN servo mounting available 


Also available for commercial use: 
an even smaller, more compact and more 
economical version of the CD-700. 


Clary Dynamics 
Dept. AS-119 San Gabriel, California 


Manufacturer of business machines, 
electronic data-handling equipment, 
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accuracy in order to take full advan- 
tage of this system. 

One of the greatest problems that 
has been plaguing missile-telemetry 
users has been the problem of obtain- 
ing an adequate number of high-fre- 
quency channels for measurement of 


such functions as vibration. Utiliza- 
tion of the old RDB, or now IRIG, 
standards limits the  frequency- 
response capability of a particular sys- 
tem by the number of channels avail- 
able to the system. The IRIG 
FM/FM system utilizes a percentage 
bandwidth related to the center fre- 
quency. Since the center frequencies 
vary from 400 cycles to 70 ke, the 
bandwidth of the individual bands 
vary from +30 cycles at 400 cycles 
utilizing the +7.5 per cent deviation 
to 10.5 ke for the 70 ke channel with 
a deviation of +15 per cent. The 
modulation index of 5, which must be 
accepted with present-day equipment 
to preserve signal-to-noise ratio and 
limit the intermodulation products 
generated by a complex system, re- 
quires that data be limited to 2 ke on 
the high channel. 


More Than One System Used 


The problem arises when a vibration 
survey is required to measure the 
transmissibility of vibratory energy 
through a complex mechanical system 
such as an Atlas or Minuteman missile. 
In cases such as this, it is not uncom- 
mon to see a requirement for vibration 
measurement at 4 or 5 locations along 
the missile structure, which may total 
up to 15 measurements. Even if the 
frequency response is limited to 1 kc, 
the requirement far exceeds the capa- 
bility of any single IRIG system. The 
solution in the past has been to utilize 
more than one system to obtain the 
suitable number of wideband chan- 
nels. 

Recently, application of an old tech- 
nique in a new way has made possible 
a division of a standard IRIG system 
into a number of constant-frequency- 
bandwidth bands; the technique is 
known as Frequency Translation.'° 
The transmission of six 1-ke response 
bands within one system is possible 
utilizing this technique. This has 
been accomplished by utilizing six 
identical subcarrier oscillators, the out- 
put of each oscillator being fed to a 
frequency translator, where it is heter- 
odyned to a new frequency within the 
band but still retains its original band- 
width and its original data. The in- 


formation is then frequency-multi- 
plexed into a transmitter in the same 
manner as a standard FM/FM system, 
and transmitted to the ground. Re- 
duction of the data requires either 
special filter units for the FM discrim- 
inator or retranslation of the trans- 


mitted subcarriers back to the normal 
frequency and then application to 
standard subcarrier discriminators. 

An alternate technique analyzes the 
data before transmission and allows 
the information to be transmitted as 
low-frequency data.1!_ This fre- 
quency-translation technique has many 
applications other than that men- 
tioned. For example, it is possible, 
utilizing some of the standard telem- 
etry transmitters available, to multi- 
plex two 18-band IRIG systems onto 
one transmitter and transmit this in- 
formation to the ground. This may 
be accomplished by translating one en- 
tire multiplex approximately 100 ke 
above the highest channel of the lower 
multiplex. Other techniques would 
allow special information to be trans- 
lated and placed above a standard 
IRIG system or allow some number 
of channels to be duplicated from a 
frequency-response point of view and 
multiplexed with any number of other 
channels. The limitation of the fre- 
quency-translation technique for trans- 
mitted data systems is the bandwidth 
of the transmitter, the bandwidth ca- 
pability of the receiver and that of the 
tape recorder. Among the recent de- 
velopments that have made this system 
more attractive are the expansion of 
the bandwidth of several receivers and 
at least one transistorized tape re- 
corder which now has the capability of 
extending the recorded bandwidth 
from the normal 100 ke out to 250 ke 
at the standard tape speed of 60 ips. 

The transmission of information 
from satellites and spaceprobes has 
been a particular problem. Since in 
most cases the power capability of the 
payload is very small, new techniques 
have been required to allow long- 
range reception. Previous approaches 
have led to large, high-gain antennas, 
such as the 60-ft tracking parabolic 
dish which exists in several places in 
the world for tracking satellites, and 
the use of some radio telescopes such 
as Jodrell Bank, but this alone would 
not have been enough to handle the 
puny output of our initial satellites. 
The phase-lock-loop technique has in- 
creased the capability of receiving 
stations to track and receive data from 
the low-powered transmission of our 
satellites and spaceprobes.!?"!4 

Utilization of the phase-lock-loop 
technique with the FM/FM telemetry 
system requires seriously limiting the 
number of subcarriers utilized, and the 
information bandwidth of each sub- 
carrier must be restricted to a few 
cycles. The restrictions are a result 
of the characteristic high carrier power 
need for the phase-lock loop. For the 
receiver to track properly, approxi- 
mately 80 per cent of the available 
transmitted energy must be retained in 
the carrier. This results in a low-mod- 
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ulation index with very little power 
available for distribution among the 
side bands. Effective data from such 
systems required the further applica- 
tion of phase-lock principle to the FM 
data discriminator.!617 


Transistorized Unit Available 


Very few phase-lock-loop discrimin- 
ators, however, have been available. 
The most recent addition is a minia- 
ture, transistorized phase-lock-loop dis- 
criminator, shown on page 31, which 
is now available as a standard com- 
mercial item. The new unit, aside 
from the reduction in size, weight, and 
power consumption, offers improved 
operation in every respect over the 
existing vacuum-tube L-C or pulse- 
averaging discriminators previously 
available. 

The initial satellites did not present 
as much of a problem as that pre- 
sented by some space vehicles today. 
Apogee of satellites, in most cases, 
has not exceeded 1000 miles, but 
moon shots concern themselves with 
distances of up to 240,000 miles. Re- 
ceivers utilizing phase-lock-loop tech- 
niques have sensitivities of approxi- 
mately —140 dbm.? Transmission to 
some of the inner planets, such as Mars 
and Venus, however, introduces dis- 
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provided the over-all systems engineering and technical direction for the Air Force Ballistic Missile Program since it 
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and technology, and propelled the art of missilery through three distinct generations of progress. SYL contributed 
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tances in the tens of millions of miles. 
The free-space attenuation encoun- 
tered under such conditions appears 
drastic, and more than phase-lock-loop 
techniques are required if any sig- 
nificant amount of information is to be 
transmitted from such trips.!® 

In addition to the distance and free- 
space-attenuation problem, there are 
several other problems that require 
attention. Galactic background radia- 
tion fields, which are generally pre- 
dominant in the 250 to 1000 mc range; 
atmospheric-oxygen and water-vapor 
losses, which become predominant in 
the 3-kilomegacycle range; and celes- 
tial sources of discreet radiation, such 
as the sun, moon, planets, and radio 
stars—all fairly well defined—are of 
significant intensity to require con- 
stant attention. 

New techniques are being involved 
for the efficient transmission of infor- 
mation over extremely long range. 
Redundant coding techniques will al- 
low reconstruction of received data 
even when a large percentage is lost 
due to drop-out. Also, the application 
of microwave amplification by simu- 
lated electronic radiation (masers) 
and parametric amplifiers!*19 in- 
creases the range ability for low-pow- 
ered transmission by minimizing the 
system noise figure. The maser oper- 
ates on the principle that a decrease in 
the energy level of a paramagnetic ma- 
terial will cause emission at a fre- 
quency which is determined by 
Planck’s constant and the difference in 
the energy level. The parametric am- 
plifier consists of a nonlinear reactance 
which will couple energy from a pump 
source to the signal frequency. Both 
types of amplifiers are regenerative 
and potentially unstable. Gains in the 
order of 20 to 30 db are obtainable 
from either, with a noise figure of 1 db 
or less. A third device, which is some- 
what along the same lines, is the tun- 
nel diode.2® Future applications will 
probably utilize tunnel-diode along 
with maser and parametric amplifiers. 


Range Must Be Increased 


The requirement for radar systems 
has also been seriously affected by the 
new long-range missiles and space 
work. In fact, it is now necessary to 
increase the range of radar systems by 
orders of magnitude in order to pro- 
vide early-warning techniques for 
nose-cone re-entry and to perform 
tracking services for satellites and 
space vehicles. Some of the same 
techniques previously mentioned are 
being employed in this field. In the 


case of groundbased equipment, high 
transmission powers can be employed 
to increase the range coverage and to 
provide a radar-detection capability in 
high-density countermeasures environ- 


ment. Versatility is required for mul- 
timode operation to include height 
finding, multitarget tracking, missile 
guidance, and high-capacity detection. 
In general, the higher frequencies have 
been found most suitable for airborne 
radar. 

Consideration is being given to the 
use of millimeter-wavelength radars 
for communication in space travel. 
Several important problems exist in 
this area. One of the main reasons 
for adapting millimeter-wavelength 
propagation is due to the existing con- 
gestion of the lower frequency spec- 
trum. 

The general trend in radar design 
is development of multipurpose sys- 
tems which perform all the radar func- 
tions, including self-contained radar 
programing in data processing. The 
required flexibility and automaticity 
would be provided by electronically 
controlled beam scanning. Power 
density levels for radar transmitters in 
the order of 20-megawatt peaks and 
antenna gains in the order of 45 db are 
becoming commonplace. 

The magnetron, which was the main 
transmitter tube of 10 years ago, is 
replaced in modern radar sets by a 
master oscillator power amplifier chain 
consisting of wideband traveling-wave 
driver tubes and high-powered kly- 
stron output stages. In some in- 
stances, the required power levels are 
obtained by paralleling output ampli- 
fiers. Antenna beamwidths are now of 
the order of a fraction of a degree, and 
pulse-code techniques are being uti- 
lized to achieve resolution measurable 
in feet.2!_ In addition, modern radars 
operate coherently rather than non- 
coherently to obtain the fourth dimen- 
sion of target-velocity resolution. 

The preservation of phase and am- 
plitude intelligence for a pulse-coded 
coherent radar system requires trans- 
mitter stabilities in the order of one 
part in 109, which may be satisfied by 
crystal-controlled master oscillator sys- 
tems. The increased data which is 
accumulated requires increased data- 
handling capability, which is obtained 
by the utilization of high-speed digital 
data processing techniques. Storage 
tubes are utilized to optimize the writ- 
ing and retention rates of visual dis- 
plays, and television-type scan con- 
version for radar permits optimum 
data presentation. 

To retain a reasonable volume with 
the increased complexity, the employ- 
ment of subminiaturization and micro- 
miniaturization techniques has been 
adopted for even this type of ground 
equipment, along with solid-state de- 
vices, such as transistors and diodes. 
The necessary reliability for satisfac- 
tory system performance is assured by 
the application of unit redundancy, 
automatic fault detection, and unit 


switchover on most modern devices. 

Future trends in the communication 
field will see the use of electronic 
scanning which will allow construc- 
tion of large, stationary high-gain an- 
tennas for long-range search and data 
acquisition with highly accurate track- 
ing. Future systems will possibly con- 
tain hundreds of phase-coherent solid- 
state transmitters built in as a part of 
an array of radar antennas, each put- 
ting out a few watts in the millimeter- 
wavelength region. This type of radar 
can be used in spacecraft for detection 
and communication. 


Power Problems Difficult 


As previously discussed, the power 
problems for space work can become 
difficult to handle. One of the solu- 
tions mentioned was increased gain for 
ground receiving antennas. For earth 
installation, the antenna can be lim- 
ited to a size consistent with the me- 
chanical problem of pointing the an- 
tenna at a specific area in space. The 
speed at which this unit must be di- 
rected at a space vehicle may be more 
demanding on the mechanical design 
than any other feature. These con- 
siderations will influence future de- 
signs in the direction of electronic 
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scanning systems, where the beam is 
positioned electronically rather than 
the mechanical antenna rotated 
physically. 

The minimization of system noise 
figure will be the outstanding prob- 
lem of space communication, since this 
will reduce the minimum detectable 
signal. Noise figure is defined as the 
ratio of the noise output of the actual 
amplifier to that of a noiseless amplifier 
with the same gain. Thermal noise 
(KTB) is the usual limiting factor in 
ground receivers, where “K” repre- 
sents Bolzman constant, “T” the equiv- 
alent temperature in degrees Kelvin, 
and “B” the noise bandwith of the am- 
plifier in cycles per second. “K” re- 
mains constant; assuming “B” remains 
constant, the variable becomes “T.” 
The thermal problem applies to the 
antenna and the input amplifier. On 
vehicles, the antenna temperature will 
be relatively low, and thus low-noise 
amplifiers—maser and parametric—will 
be utilized to their greatest capacity. 


Can Detect Smaller Signal 


The reduction of the noise figure 
means that a smaller signal may be 
detected by the system. The conse- 
quence will be that an extended range 
will be obtained in space for a given 
system with the identical power output 
within our atmosphere. A_ typical 
figure for the improvement factor is 
10 to 1 in space over earth of the sig- 
nal-to-noise ratio, or approximately a 
300 per cent increase in range. These 
techniques, of course, are applicable 
to any communication system. 

One of the conclusions that can be 
drawn from this is that the future 
communication requirements of space 
vehicles would call for a communica- 
tion satellite fairly close to earth. This 
communication satellite would in ef- 
fect be a retransmission point for sig- 
nals transmitted from outer space. 

The gain from parametric amplifiers 
and low antenna temperature does not 
apply in the whole to groundbased re- 
ceiving stations. The significant in- 
crease may be obtained by utilizing 
parametric amplifiers, but the antenna 
temperature would remain rather high 
due to the ambient temperature on 
earth. Therefore, the incorporation of 
a retransmission station above the 
earth would make possible reception 
from long-range space probes trans- 
mitting at low power output. The 
communication satellite would in turn 
retransmit the signals to the earth’s 
station. 

In general, a communication satel- 
lite would have to be “fixed” rather 
than the type which is presently 
spinning around the earth. The 


equipment required would probably 
derive its energy from a combination 


of battery packs and solar batteries. 
The development of equipment for 
such satellites would be required in 
the near future, and hopefully will be 
ready before shots at Mars or Venus. 
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New equipment and processes 


Precision Electromagnets: Precisely 
constructed electromagnets give accu- 
rately controlled magnetic fields with 
continuously adjustable gaps (Model 
LM4-AG) or fixed gaps (Model LM4- 
FG). Replaceable pole caps are 
available with 4, 5, or 8 in. diam for 
either model; and tapered pole caps 
are available for producing high 
fluxes. Watercooled panels allow low- 
temperature operation under  full- 
power operation. A thermocouple 
monitors coil temperature. Maximum 
coil current, 215 amp; coil voltage, 
300 v. Applied Radiation Corp., 2404 
N. Main St., Walnut Creek, Calif. 


Weatherproof Walk-in Test Chambers: 
Ease of assembly, ready expansion, 
and imperviousness to weather are 
features of the TC-110 Series test 
chambers. They are assembled from 
modular panels and sections of sand- 
wich construction, with slabs of low 
K-factor insulation bonded to thin 
covering sheets of aluminum or stain- 
less steel. For high and low tempera- 
ture and environmental testing. Wyle 
Manufacturing Corp., El Segundo, 
Calif. 


Mechanical Force Amplifier: Ampli- 
fier output can be used to position 
automatic controls, recording pens, 
encoders, small valves, switches, or 
hydraulic servo systems. Input forces 
can be less than 0.04 0z; output is 
precisely positioned with forces up to 
18 oz. Linear position is identical 
motion. Useful travel is 2 in.; full- 
scale travel time varies from 1 to 20 
sec. American Meter Co., P.O. Box 
309, Garland, Tex. 


Scintillation Counting System: Ultra- 
fast electronics give sensitive C14 and 
H® counts with speed and precision. 
A light-tight sample holder permits 
dark preadaptation, sample precooling, 
and versatility of sample shape and 
material. Use of a freezer is optional. 
Baird-Atomic, Inc., 33 University Rd., 
Cambridge 38, Mass. 


Time-Delay Relay: Two new minia- 
ture transistorized relays for missiles 
and satellites feature nominal delay 
times from 0.1 to 3 min over an am- 
bient temperature range of —55 to 150 
F. Operating voltage range 18-30 v 
de; max wt, 0.35 lb; minimum operat- 


Static Sequencer With Applications 


\ 


Developed to control auxiliary equipment in the countdown of the Polaris 


missile, the pictured static sequencer can trigger 60 checkout operations per 


minute. It has no moving parts, is self-timing, compares information received, 


and verifies accuracy of test results. 


Segundo, Calif. 
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It can be adapted for equipment testing, 
data handling, and machinery automation. 


Magnetic Amplifiers Inc., El 


ing cycles, 50,000. Leach Corp. Re- 
lay Div., Los Angeles, Calif. 


Bench-Type Bearing Washer: Model 
MC-4-] ball and roller-bearing washer 
cleans antifriction bearings from the 


~ 


smallest to 5 in. in diam. The unit 


utilizes the cleaning action of both 
solvent and air under pressure. Com- 
plete cleaning requires no removal of 
seals or shields. Average time re- 
quired for each bearing is less than 
a minute. Bearing Inspection, Inc., 
3311 E. Gage Ave., Huntington Park, 
Calif. 


Gas and Vapor Detector: On-the-spot 
determinations of the concentrations 
of toxic gases and vapors may be made 
with the Unico Model 400 gas detec- 
tor. Gas concentration is read from 
the calibration curve or color standards 
on the tube box. Thirty-six tubes 
available. Union Industrial Equip- 
ment Corp., 40 Beech St., Port 
Chester, N.Y. 


Extruded Niobium Tubing: Rod and 
tube extrusions made from niobium 
(NB; also known as columbium) are 
available for rocket and missile compo- 
nents and atomic powerplants. Wol- 
verine Tube Div., Calumet & Hecla, 
Inc., 17200 Southfield Rd., Allen Park, 
Mich. 


Parametric Amplifier Diodes: Noise 
temperatures as low as 50 deg above 
absolute zero for a diode cooled by 
liquid nitrogen, and only 100 deg 
above absolute zero for a diode at room 
temperature, have been obtained in a 
high gain 3000 mc parametric ampli- 
fier. The diode comes in two hermeti- 
cally-sealed versions—one for below 
me and a second for the microwave 
region. Hughes Aircraft Co., Semi- 


conductor Div., Hawthorne, Calif. 
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Packaged Maser 
On the Way 


Cryostats like this Collins, produced 
by Arthur D. Little, Inc., cool maser 
crystal with liquid helium. Electro- 
magnets (at base of cryostat) and 
other equipment generate and meas- 
ure field on maser. 


Research at Sylvania Electric Prod- 
ucts aims at reducing the bulk of the 
laboratory maser amplifier to rugged, 
compact form for military and more 
widespread general use in long-range 
radar, tracking, space communications, 
and radio astronomy. Although con- 
tributing to research (see May 1959 
Astronautics, page 50), maser devel- 
opments are still in the laboratory 
stage. The Sylvania concept of a 
packaged maser system includes an 
integral cryostat and a small perma- 
nent magnet, replacing the huge elec- 
tromagnets used in laboratory sys- 
tems. Small mobile masers would 
make it possible and practical to boost 
the range of conventional radar by a 
factor of 2'/, to 7. 


Beryllium Oxide Applications: Berlox, 
an electrical insulator with thermal 
conductivity equal to that of brass, is 


available in fabricated fired-to-shape, 
and extruded shapes withstanding 
temperatures up to 400 F. National 
Beryllia Corp., 4501 Dell Ave., N. 
Bergen, N. J. 


Pressure-To-Frequency System: Model 
PFS-2 system combines in a single 
package a reactance-controlled sub- 
carrier oscillator and a_ single-coil 
variable-resistance pressure trans- 
ducer. This FM system, over a wide 
range of temperatures, measures ab- 
solute, gauge, or differential pressures. 
The unit will operate at a large num- 
ber of IRIG bands, as well as at sub- 
carrier frequencies well above the 
highest present IRIG band.  Ultra- 
dyne Inc., P.O. Box 3308, Albuquer- 
que, N.M. 


Servo System Control: The “hunting” 
problem in servo systems used in fire 
control, analog computers, test equip- 
ment, and high-accuracy indicating 
devices has been eliminated by an 
infinite-resolution device called the 
Spiralpot. It features a single length 
of resistance wire which is continu- 
ously contacted by the wiper. The 
brush assembly prevents grooving 
tendency and rapid linear shifting. 
The unit will withstand 15 g shock 
in any axis. G. M. Giannini & Co., 
Inc., 918 E. Green St., Pasadena 1, 
Calif. 


Coaxial Line Terminations: Improve- 
ments in line terminations permit 
proper function of the units within 
temperature limits of —450 to 440 F. 
Resistive elements of these units are 
made of platinum films fired on ce- 
ramic forms and treated with silicone 
varnish. The elements do not be- 
come superconductors at temperatures 
as low as 4.2 K. Stoddard Aircraft 
Radio Co., Inc., 6644 Santa Monica 
Blvd., Hollywood 38, Calif. 


Power Transistors: A newly devel- 
oped line of NPN power transistors 
makes it possible to eliminate input 
and output transformers. The units 
provide miniaturization, improved 
response, and ease of applying nega- 
tive feedback. They feature collec- 
tor voltages up to 80 v, a maximum 
cutoff frequency of 150 kc, and meet 
MIL-19500A _ specifications. Four 
types are available for resistive loads, 
and three types for inductive loads. 
CBS-Hytron, Danvers, Mass. 


Coils for Electronic Equipment: A 
line of foilwound wafer coils is par- 
ticularly suitable for use with travel- 
ing wave tubes, klystron  electro- 
magnets, maser devices, and beamed 
deflection magnets. The wafer con- 
struction enables the coils to be as- 
sembled in multiples so air, water, or 
gas cooling can be used. Tube ap- 
pendages and RF connectors can pass 
directly through the windings of the 
coil. Sylvania Electric Products, Inc., 
1740 Broadway, New York 19, N.Y. 


Electronic Switching: For in 


ee, 


2 


scanning transducers, a device known 
as the Segui-Switch has many appli- 
cations such as telemetering, dynamic 
force and pressure studies, and multi- 
point data gathering. It can be used 
with an oscilloscope to give simul- 
taneous readings that can be photo- 
graphed for analysis. Through bridge 
inputs, any combination of transducers 
may be read out. Control Devices, 
Inc., 925 S. Eton, Birmingham, Mich. 


Polyether Foam Process: A “one- 
shot” method of producing polyether 
foam—a versatile cushioning, padding, 
and insulation material—eliminates 
many intermediate production steps. 
The method also permits adding all 
components at the mixing head. 
Greater uniformity in cell structure 
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creates up to 15 per cent greater 
resilience, and the higher load bearing 
foam has an improvement in hu- 
midity aging. The General Tire & 
Rubber Co., Akron, Ohio. 


Astrodynamics 
( CONTINUED FROM PAGE 30) 


determined with a higher degree of 
precision from the artificial satellites 
(O’Keefe—1958; Lecar, Sorenson, and 
Eckels—1959; Kozai—1959a), and a 
later determination has revealed the 
exciting possibility of a third har- 
monic, implying a north-south asym- 
metry (pear-shapedness) of the earth, 
as well as a fourth harmonic deter- 
mined observationally and not purely 
from theory as heretofore (O'Keefe, 
Eckels, and Squires—1959; King-Hele 
—1959). 


Role of Atmosphere 


For low-altitude satellites, the con- 
stants associated with the atmosphere 
are often more influential in determin- 
ing a satellite’s orbital behavior than 
are the gravitational ones. Such ef- 
fects have stimulated Jacchia’s recent 
analysis (1959) of the variations in 
the atmospheric density profile due 
to solar-terrestrial disturbances. After 
several interim atmospheres were de- 
veloped by Siry—1958a; Schilling and 
Sterne—1959; Harris and Jastrow— 
1959; Whitney—1959; King-Hele— 
1959, and others, the 1956 ARDC 
model atmosphere has been revised 
into a 1959 model by Pond (1959). 
For a recent survey of the drag co- 
efficient, see Baker (1959a). 

The solar parallax, expressed in ra- 
dians, is the ratio of the earth’s equa- 
torial radius to the astronomical unit. 
Since the equatorial radius is known in 
laboratory units (meter, foot, etc.) 
with a relative uncertainty that is 
smaller than that of the solar parallax, 
the latter is the critical link in the ratio 
of the astronomical unit to laboratory 
units. Whatever the discordance of 
opinion over the relative merits of 
astronomical and laboratory units of 
distance, there is unanimity of desire 
for knowledge of the ratio between 
them. Thus the solar parallax, which 
has long been a matter of intellectual 
interest to the astronomer, now 
emerges as a matter of absorbing prac- 
tical interest to the astronaut. Since 
all distances in the solar system are 
relatively well known in astronomical 
units, the determination of any one 
of them in laboratory units will yield 
the desired ratio and the solar 
parallax. 

Accordingly, the radar measure- 
ments of the distance of Venus by 
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Fuel Pump Series 
For Jet Engines 


A new series of fixed-displacement, 
vane-type fuel pumps for jet engines 
has been announced by Vickers Inc. 
Div. of Sperry Rand, Detroit 32, Mich. 
The new pumps are said to provide 
weight savings of 10 to 25 per cent 
while meeting Military Spec Nos. 
MIL-E-5009B and 8595-B for con- 
tamination tolerance, and are designed 
for 1000 hr of service life. 

Fuel-flow rates at pressures up to 
1500 psi range from 400 to 50,000 
lb/hr at up to 6000 rpm pump speed. 
Some models are capable of speeds 
up to 20,000 rpm and operation at 
pressures exceeding 1500 psi. All 
pumping parts are contained in a re- 
placement cartridge providing design 
flexibility and simplified maintenance. 
The cartridge can be incorporated in 
a fuel-control body or other member 
to save space and weight. Otherwise, 
the housing is built around the cart- 
ridge to meet space limitations. 


Price, Green, et al. (1959) were of 
exceptional interest. Their data have 
been restudied by Herrick, Westrom, 
and Makemson (1959), who derive 
8”80185 + 0700005 for the solar paral- 
lax, the uncertainty being an order of 
magnitude better than the best astro- 
nomical determination, which _ is 
8"7984 + 0”0004 (Rabe—1950). 
Plans for new measures on Venus and 
minor planets may well establish the 
new value on a firm footing, but it 
should be accepted for the present only 
as very tentative. Meanwhile Lilley 
and Brouwer (1959) are undertaking 
a radial velocity determination of the 
solar parallax, using radio-Doppler 
measures of the 21-cm hydrogen line. 
The proposed method looks very prom- 
ising, and may exceed the accuracy 
of Rabe’s value by an order of magni- 
tude. 


Radar Ranging 


Radar echoes from the moon are 
being measured with increasing ac- 
curacy (Yaplee, Bruton, Craig, and 
Roman—1958) and promise in time 
to give us a value for the moon’s dis- 


tance that is better than the dynamical 
one. Since the latter value is deter- 
mined from a geocentric gravitational 
constant based on the equatorial value 
of the acceleration of gravity and the 
equatorial radius, a possible radar dis- 
tance will improve the geocentric con- 
stant and probably also the equatorial 
radius, which is currently a bit less 
accurate than equatorial gravity. 

The theory of the librations of pas- 
sive satellites, related to the tidal sta- 
bilization of satellite platforms, has 
been further developed by Robinson— 
1958; Klemperer—1959; and Baker— 
1959b. The effects of solar and lunar 
perturbations of close-earth satellites 
have been expanded upon by Kozai- 
1959b, and shown to predict for cer- 
tain satellites an earlier end than that 
which would be caused by drag alone. 
The effects of air drag on satellite or- 
bits have been considered in special- 
ized areas (e.g., Rowell and Smith— 
1959; Vinti—1959a). 

In the area of precision orbit cal- 
culation, there have been such matters 
as the comparison of Cowell’s method, 
Encke’s method, and the method of 
variation of parameters in the integra- 
tion of lunar trajectories (Baker, Wes- 
trom, et al.—1959) and studies of dif- 
ferential expressions for low-eccen- 
tricity orbits (Herrick, Walters, and 
Hilton—1959). 

It has been found that the orbits of 
the American satellites could be deter- 
mined with precision by means of 
Minitrack observations. Accuracies of 
one milliradian of arc have been 
achieved. This figure refers to the 
residuals of the observations relative to 
orbital arcs several days in length. 
Since the mean distances of the satel- 
lites are of the order of 1000 miles, this 
means that satellite positions are deter- 
mined with a mean accuracy of the 
order of a mile (Siry—1958b). 

Interactions between satellite rota- 
tional motions and the earth’s magnetic 
field have also been studied. The ob- 
served magnetic damping of the rota- 
tional period of Vanguard I, 1958 Bs, 
is in conformity with that to be ex- 
pected as a result of the calculated 
value of the earth’s magnetic field in 
the neighborhood of the orbit of this 
satellite (Wilson—1959). 

The search for analytical solutions 
to problems more complex than two- 
body ones has again been concen- 
trated in the realm of satellites of an 
oblate earth (Vinti—1959b; Brenner, 
Latta, and Weisfeld—1959). Claims 
for what is accomplished in such 
studies must be carefully evaluated in 
the light of astronomical experience 
with real problems to which such solu- 
tions are only approximations, however 
elegant and rigorous they may be 
mathematically. The effects of thrust 
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and drag, and of the attractions of sun 
and moon, and of the portions of the 
attractions of the bulge or of gravita- 
tional anomalies that are not included 
in the rigorous solution can only be 
treated as perturbations on it. Ac- 
cordingly, the rigorous solution can 
only be regarded as a somewhat more 
complex reference orbit than the two- 
body one, to serve as a point of de- 
parture for a perturbation treatment 
on an Encke, variation-of-parameters, 
or other pattern. 

The question posed is, then, a 
straightforward one: Do the simplifi- 
cations in the perturbation terms out- 
weigh the complications in the refer- 
ence orbit? Probably a series of ex- 
periments will in the end give us the 
answer. 


Educational Aspects 


Astrodynamics has progressed on 
the educational side in the past year. 
More university courses are being 
offered, and the curricula offered at 
UCLA and the Univ. of Cincinnati 
have been supplemented by short 
courses at Yale and UCLA. The for- 
mer tended to cover advanced areas 
of celestial mechanics, while the latter, 
a comprehensive course in the funda- 
mentals, had a threefold increase in 
enrollment over its first presentation 
in 1958. 

The challenge of payload will con- 
tinue to emphasize precision tech- 
niques, with every ounce of fuel saved 
contributing to the success of a space 
venture, whether it be a spot-landing 
to supply a lunar depot or expedition, 
a reconnoiter of Mars or Venus, or an 
interception or rescue mission close 
above the earth’s surface. Nongravi- 
tational and relativistic accelerations 
are to be explored. Reference orbits 
and perturbation expansions and tech- 
niques offer a wide spectrum for ex- 
perimentation and analysis. The rela- 
tive roles of the “6-dimensional fix” 
(position and velocity) and of the dif- 
ferential correction in the adjustment 
of orbits must be further assessed for 
particular problems. 

The geodetic satellite will offer the 
highest challenge to precision orbits 
and observation theory, and may then 
give us a foothold for the more accu- 
rate determination of the basic geo- 
centric gravitational constant or co- 
efficient of the zero-order harmonic in 
the earth’s potential, so essential to 
the lunar spot-landing. 

The Russian space-rocket endeavors, 
whose spectacular achievement in 
landing a lunar rocket within a target- 
distance only twice the present theo- 
retical limit of accuracy, was the high 
point of 1959 astrodynamics. Rus- 
sian space work will continue to chal- 
lenge the western world. And what- 


ever challenges are met or problems 
cleared away will open new vistas to 
the enterprising astrodynamicist. 
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(CONTINUED FROM PAGE 108 ) 


the House Committee on Science and 
Astronautics demanded that Mallan 
offer proof of his assertion that Lunik 
was “the biggest hoax in history.” In 
his testimony Mallan contended that 
evidence indicated the Goldstone sig- 
nals were radio waves reflected off the 
planet Jupiter, since “on certain fre- 
quencies the characteristics of Jupiter’s 
signals match the characteristics of 
the signals received at Goldstone.” 

Mr. Mallan even doubts the reality 
of Sputniks I, I, and III, for he says 
that “Up to now, no such data (raw 
scientific data available for study by 
scientists of the Free World) has ever 
been released by the Russians in any 
field of rocket or space research. All 
that the Kremlin has released have 
been boasts and lies based on the ap- 
parent success of three sputniks.” If 
Mr. Mallan had just a little faith in 
the ability of American scientists to 
evaluate data published in technical 
journals by their Soviet counterparts, 
he would learn that the sputniks are 
not only real but have furnished a sub- 
stantial amount of useful information 
to the scientific community. 

He would also learn that data from 
Lunik on cosmic rays and terrestrial 
corpuscular radiation, published in the 
April 11, 1959, issue of Doklady 
Akademii Nauk SSSR, are in essential 
agreement with data from Pioneer IV, 
the American space probe that was 
launched March 3, 1959. His credul- 
ity would no doubt be strained by the 
knowledge that the report was _ re- 
ceived by the editors of Doklady on 
Feb. 25, 1959—six days before Pioneer 
IV was launched. 

The author “explains in detail” why 
he knows Soviet long-range missiles 
are a Big Red Lie. They do not 
exist “because they don’t have the 
guidance.” They don’t have the 
guidance because he saw no evidence 
of miniaturization anywhere in the 
Soviet Union. Hence, “without ul- 
tramodern miniaturized electronic 
computers . . . an intercontinental 
missile is a brainless beast. The Rus- 
sians do not have miniaturized com- 
puters. They do not think at all in 
terms of miniaturization. To them, re- 
liability in electronic devices means 
BIG devices powered by BIG batteries 
or generator and BIG vacuum tubes.” 
Ergo, the Soviet ICBM is a hoax. 

Mallan debunks Soviet air power 
almost as loudly, but not so vehe- 
mently or at the same great length, 
as he does Lunik and Soviet guided 
missiles. 

In the last part of the book, the au- 
thor treads on political and_philo- 
sophical ground. He asks the ques- 
tion “How does Communism manage 
to hoodwink the whole world and win 
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Chance-Vought to Build Aircraft “Space Capsule” 


Artist’s conception of emergency escape feature of inte- 
grated flight capsule to be developd for the Navy by 


Chance Vought. 


Similar to a space capsule, it would pro- 


vide environmental protection for pilot, freeing him of 
pressure suit, oxygen mask, chute, and other personal gear. 
Sequence shows capsule separating from Vought F8U Cru- 
sader aircraft, being propelled by short-duration rocket, 
extending guidance fins and speed brakes, and descending 
on parachute cluster. 


such frightened respect?” “The an- 
swer,” says Mallan, “is simpler than 
the solution to the problem. The 
Russian Communists have, from the 
beginning, carried on an_ offensive 
along four vital fronts. These are: 
The Strength Offensive, currently be- 
ing pursued by the technique known 
as ‘sputnik diplomacy’; The Peace Of- 
fensive; The Science Offensive; The 
Culture Offensive. 

“These offensives, all in the field of 
propaganda, are subtly interwoven. 
They reverberate through the Free 
World as well as through the world of 
Communism. They have built a 
mighty myth that is difficult to recog- 
nize and even tougher to expose. The 
majority of individuals of all nations 
on earth have accepted it. I was 
among them—before I visited the 
Soviet Union.” 

Mr. Mallan is aware of only one 
phase of the Big Red Lie. The ex- 
amples he cites are but a few terms in 
an infinite series of distortions. Lies, 
like sins in general, are of two kinds— 
those of commission and those of 
omission. It is the latter kind of lie 
that he did not perceive, and that has 
led him to make faulty deductions. 
The realities of Communism include 


not only the use of the lie to befuddle 
the Free World, but also the use of 
American knowhow to solve the key 
technological and industrial problems 
of the Communist World. — Since 
Communism’s avowed purpose is to 
dominate the world, it is a serious error 
to underestimate the current techno- 
logical upsurge in the Soviet Union. 
Branding certain Soviet achievements 
as hoaxes on the basis of superficial 
and incomplete evidence, and_ thus 
creating a feeling of false security in 
the West, is in itself a contribution to 
the Big Red Lie. 

—F. J. Krieger 

The Rand Corp. 
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is your only real Environmental Laboratory ... . 


.. We'll take you there, Now! 


You are at 100,000 feet in a manned space cap- 
sule, 99% of the world’s atmosphere is below you. 
Yet, you are comfortable. The earth and sky differ 
little from what the first pilot in a manned space 
vehicle will see. This balloon capsule offers you 
the only laboratory platform known today from 
which to see and record astronautical phenomena. 
Later, this same capsule can be placed in a rocket. 


Who are we? . . . engineers, designers, manufac- 
turers, balloon builders. We have been at the 
very threshold of space for 100 hours. This is 
longer practical experience at space-equivalent 
levels than all the other manned space probes of 
all nations added together. Our experience in- 
cludes: designing, building, flight-operations, sealed 


cabins, telemetry systems, research instrumentation, 
launching and tracking. Evidence of our technical 
skill is alive and well . our five space pilots. 
One, incidentally, still holds the world’s altitude 
record. 


Whatever your astronautical mission may be: 
sealed cabin development or its components, en- 
vironmental testing, space medicine, astrophysics, 
long range radio-television-infra-red . . . or, some- 
thing yet unannounced . . . we can take it to the 
threshold of space for you. 


Consider Winzen Research a proven and experi- 
enced partner on your team. Whoever you are, 
the success of your present mission is your best 
assurance of future business in astronautics! 


WINZEN RESEARCH INC. 


‘*Space Research For A Decade”’ 


Minneapolis 20, Minnesota 


TUxedo 1-5871 


We welcome confidential employment inquiries from qualified & dedicated scien- 
tists and engineers 
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ROUGHS CORPORATION IS UNIQUELY PREPARED TO CAPTAIN OR CREW THE CONTRACT TEAM 
GRAM. ITS MAJOR CONCERNS ARE COMPUTATION—AND COOPERATION. THE FORMER RANGING 
IM BASIC RESEARCH AND SYSTEMS ENGINEERING THROUGH PRODUCTION TO FIELD SERVICE; THE 
TER DEMONSTRATED BY EFFECTIVE INTERFACING RELATIONSHIPS AND INTER-TEAM COMMUNICATION. 
H THE BENEFIT OF BOTH, THE TEAM APPROACH TO ANY SPACE AGE PROBLEM IS SMOOTHER, 
ONGER, AND ABOVE ALL, SUCCESSFUL. 


Burroughs Corporation 


“NEW DIMENSIONS | in computation for military systems” 


x 
oF 
Lod ee 
() ee 
COMPUTATION —PRIMED FOR THE TEAM PROGRAM 


The knowledge and experience gained through building, 
flight-testing and the continuing development of the ATLAS, 
_world’s first ICBM to be placed in orbit, are now being put 

to use in the dramatic new projects MERCURY, VEGA and 
CENTAUR. Each project will utilize the ATLAS asa first-stage 
booster. MERCURY will transport the first man into orbit. 
VEGA, manned and unmanned, will be used for advanced orbital 
systems as well as lunar and planetary probes. CENTAUR will 
carry a 10,000 Ib. payload to any point on earth, boost a substantial 
payload into orbit, and carry important instrument payloads to 
remote points in space. These vital projects, on which much of man’s 
future security depends, are possible through the many-talented 
ATLAS ICBM, America’s most versatile springboard into space! 


ATLAS ICBM 
MERCURY 

VEGA 

CENTAUR 
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